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ACCOUNT OF THE NOVUM ORGANON. 


THE SECOND, AND CONCLUDING PART. 


HOMO, MATOK.« MTIfltTItR IT IltTrKPBt«, TAirtVM FAOIT IT UrTILLlOtT 
QCAKTUM ni watcia: ointNi ii vxl Miim oiiirvatsbit * wio 
AMTUCt SCIT, AVT rgTCiT. A'./v. Org. 


We now proceed to give to our readers a view of the remaining part of 
the Novum Organum, as contained in the Second Book. Lord Bacon’s 
design here is — to unfold his phin more particularly ; and to convey 
some idea of the actual operation of that metliod of studying nature 
which he had the discernment hTperceive was-sdabsoTutely essential to 
the advancement of alt real science ; and which he had the indepen- 
dence of mind (o lay heiore the world, at a time when philosophers 
were generally dfev6tc"r1 to hypotheses and fancies, and seemed but ill- 
disposed to an humble and lalHirious search after truth for its own sake, 
or to give encouragement to any one who should aspire to tliis arduous 
and honourable course. 

We shall, as before, give the analysis of Bacon’s doctrines, with 
sucli remarks and additional illustrations ns may tend to throw light 
upon them. We are aware, indeed, that this part of his philosophical 
works has been regarded, and not unjustly, as somewhat laboured and 
obscure ; but , surely we must not forget the disadvantages under 
which he wrote ; nor the wonderful revolution in science which he was 
the first instrument in cffecling. It is certain, indeed, that, at the time 
when he flourished, the spirit of rational inqtiiry was not utterly un- 
known. In some few minds there was already a rising tendency to 
throw off the yoke of ancient systems, and some few instances were 
not wanting of the successful use of experiment; but no one had 
hitherto had the boldness and the genius, at once to make a formal 
attack on the general order of things as they existed in science, and to 
frame the grand and universal outline of another and a better plan. 
It was reserved for Bacon to proclaim aloud to the ear of Science, 
that she could only hope to be regenerated by first sacrificing herself 
on the altar of Truth ; and that if ever she took an upward flight, she 
must pass a fiery ordeal, and rise like a phoenix from her own ashes. 

Bacon, in this respect, stood alone ; and if his New Machine of 
the Sciences appear, on more minute examination, to be somewhat 
cumbrous and defective, it was still a mighty efibrt to have devised 
such an instrument at all. If the genius of the new philosojihy first 
issued from the thick darkness of the midtile ages, wearing the 
garb and speaking the cramp language of the schools, this was perhaps 
an unavoidable consequence attaching to the pericxl of its birth. 
The enlightened style of philosophy which now prevails, is certainly 
nothing more than the spirit of what Bacon taught, freed from all 
needless technicalities and incumbrances ; and exercising, to the 
best advantage, its own proper energies. If Bacon did not perfectly 
exemplify his own rules of philosojihizing, and if we sometimes see, 
as is certainly the case, tlie remains of ancient error in his con- 
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elusions, we should rememher that lie kiiullcd the broader lipht we now 
aet in, and whieh makes us discern elearly the imperfections of his 
own method. It is he who has enabled us to consider as ordinary 
and manifest truths, propositions utterly denied to his predecessors; 
and to complain of thing's as obscure, which to him were new, and 
were seen across the settled and distorting mist of error, and to us are 
clear only through the purer medium of his philosophy. 

The seeond book of the Novum Organon may be divided into three 
parts ; which comprise Aphorisms, or remarks on what is termed Ute 
Discovery of Forms ; Tables in illustration of this discovery ; and the 
Doctrine of Instances. 

^ Section I. Of the Discovery of Forms, or Causes, in Nature. 
‘Apter the primary object of ascertaining^c/j, or collecting the history 
‘t)f nature with regard to any subject of inquiry has been effected, the 
next aim proposed is, by comparing these different facts, to pro- 
duce certain changes in matter ; and to discover the ultimate cau.ws 
on which its qualities depend. “ The object and aim of human 
power,” says Bacon, “ is to produce a new nature, or natures on a given 
body; and the object and aim of human knowledge is to discover the 
form of a given nature ; that is, its real difference ; the nature w hich 
makes it what it is {naturam naturantem), or, the source whence it 
flows. 

The scholastic word form here employed is borrowed from the 
Platonists, though with a meaning different from theirs. Plato and 
his followers adopted the notions before held by the Pythagoreans 
with respect to forms, ideas, and essences ; and regarded the various 
configurations, or shapes of matter, as nothing more than copies of 
their essences, or ideas, as existing in the divine mind. Thus, for ex- 
ample, since the squares or circles actually drawn by the mathematician 
are never absolutely accurate, they supposed that their true archetypes 
or patterns are to be found subsisting by them.selves in the mind of the 
Deity. Now Plato, and his school, maintained that this perfect intel- 
lectual world was discoverable by contemplation ; and that while the 
visible creation is the object of sense, these ideas, or essences — the 
forms of things abstracted from matter, — are the proper objects of 
science. Bacon, in his work on the yf dranocmenf o/ Lcarnt/ig, while 
he pays the tribute of praise due to Plato’s genius, condemns, as well 
he might, his mystical philosophy; and intimates that the forms which 
he himself proposes to discover are to be found in matter, and not 
out of it. In another passage in the Novum Organon, he expressly 
defines what he means by forms, in the following manner: — “ When 
we speak of forms, we understand nothing more than those laws and 
modes of action which regulate and constitute any simple nature ; such 
as heat; light; weight; in all kinds of matter susceptible of them; 
so that the form of heat, or the form of light, and the law of heat, or 
the law of light, are the same thing; nor do we ever lose sight of 
practice, and things as they are.” 

“The form of any nature” is, in another place, defined to be “ such, 
that where it is, the given nature must infallibly be. The form is ]>er- 
petually present when that nature is present ; ascertains it universally, 
and accompanies it every where. Again, this form is such, that when 
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removed, the given nature infallibly vanishes : therefore the form is 
perpetually wanting where that nature is wanting ; and thus confirms 
its presence or absence, and comes and goes with that nature alone.” 

In the language of Bacon, then, the form of any substance is its 
attnlial nature — the form of any quality is that which constitutes that 
quality. Thus, if the subject of investigation were the quality of tran>- 
pareney in any substance, the form of it is something of such a nature 
that, wherever it is present, there is transparency; and wherever there 
is transparency, that which is here scholastically termed the form, is 
likewise present. The form, he says, is the same thing, as regards 
our knowletige, with the cause ; not limiting the meaning of this word 
to the antecedents or circumstances which immediately produce a sue--,.,, 
cession of events or changes in matter, but including also the source;: 
from whence permanent qualities in body are derived. In short, the 
discovery of forms may be regarded as signifying the discovery of the 
laws of nature in general. 

It may serve to facilitate our apprehension of Bacon’s ideas, if we 
carry along with us the remark, which has not improperly been made, 
even by his greatest admirers — that he appears, from the language he 
sometimes employs with regard to forms, to have placed the ultimate 
aim of philosophy beyond what it is, in all probability, given to man to 
reach, however rigidly he may employ his faculties, according to the 
method here recommended. He seems to think that a knowledge of 
•he ultimate essences of the qualities, and powers, or properties of 
matter, lie open to human scrutiny ; that we can discover, for instance, 
wherein consists the essence or nature of transparency ; of coW ,• of 
heat ; of colour. Upwards of two centuries, however, have rolled away 
under the auspices of Bacon’s system ; and no one would ns yet affirm 
that we have actually arrived at the boundary of nature, so as to have 
discovered the essence of matter itself, or of any one of Hs various mo- 
difications. We are still ignorant, strictly speaking, of the causes of 
the various operations of nature, after ages of laborious and scientific 
investigation ; nor will the philosopher profess to have ascertained, 
with regard to any one series of these causes, or successive events and 
changes, that he has, beyond all possibility of doubt, at length ar- 
rived at the beginning of the series ; that he has laid his finger on the 
ultimate link in the whole chain which is held by the hand of Omni- 
potence ; and that he has traced the identical point at which these 
second causes merge, and are lost in the secret agency of the great 
First Cause of all ; if indeed it be not more proper to consider all seeond 
causes as nothing more than so many constant actions of the Deity, re- 
gulated by hia own laws. — In the case of heat, for instance, — by con- 
ducting inquiries in the spirit of the inductive method, many of the effects 
and properties of this powerful agent have been discovered ; but its 
form, to use Bacon’s language, or, in other words, what heat is, has 
not been ascertained. Perhaps a complete knowledge of its essence 
might, even if it could be known, conduce less to practical uses, than 
We maybe ready to imagine: certain it is, however, that the question 
Mill remains undetermined, whether heat be a subtile fluid, and there- 
fore of a material nature ; or, as Bacon himself supposed, nothing more 
than a certain aRofion among the particles of bodies. 

The same remark is applicable to the other great agents in nature, 
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as gravily, declricily, light, magnetim, elasticUy. Perhaps our notion 
of gravity is as simple as any, since its one property is the law of its 
decrease with the square of the distance ; but whether this, and the 
rest have, or have not, any second causes beyond themselves, none 
presumes to say. While it would be unphilosophical to assert that 
more can never be known of these agents than what is already ascer- 
tained, it may be observed that, even should Bacon’s aims, as to the 
discovery of forms, always prove to have been too high for mortals to 
fulfil, this is no disparagement whatever to his method, which still 
remains applicable to the investigation of causes, to the uttermost 
limits that can be reached by the perseverance and ingenuity of man. 

“ To the discovery of forms," proceeds Bacon, “ belongs that of the 
latent proceit (latent procetrut) ; continued from the manifest pro- 
ducing cause of changes in bodies, and what is obvious to the senses, 
up to the giving of the form itself,” that is. the ultimate law of nature 
in the particular case ; or, at least, what appears to be that law : “ there 
also,” he adds, “ belongs to it the discovery of the secret structure, 
(lateia schematismus,) of bodies that are quiescent and exhibit no 
motion. The latent process we speak of does not here mean certain 
visible measures, or signs, or steps of procedure in bodies, but a 
perfect continued process, the greatest part of which escapes the sense. 
Thus, for example, in every generation and transformation of bodies, 
it comes to be inquired, what is lost, or flies off; what stays behind ; 
what is added ; what dilated ; what contracted ; what united ; what 
separated ; what continued ; what cut off ; what im[>els ; what ob- 
structs ; what prevails ; what yields, etc. : nor are these things only to 
be sought in tlie generation, or transformation of bodies ; hut, alter the 
same manner, it comes to be inquired in all other alterations and mo- 
tions, what precedes ; what succeeds ; what is quick ; what slow ; 
what gives motion ; what governs it ; and the like. But all these 
things remain unknown and untouched in the sciences, which are at 
present formed in a very gross and perfectly inadequate manner.” 

, This latent process, undoubtedly a grand object of philosophical in- 
quiry, to the farthest verge of human power, is, therefore, in modern 
language, the invisible and secret progress by which sensible changes 
are produced ; and involves what has been termed the law of con- 
tinuity ; that is, the law by which quantities which change their bulk, 
or their places, do so, not abruptly, as in many cases may seem to 
us, but by passing through all the intermediate magnitudes, or dis- 
tances, till the change be completed. In other words, all changes, 
however small, must be effected in time. We sec this in innumerable 
operatious of nature, such as the planetary movements ; the phenomena 
of accelerated velocity in falling bodies ; the motion of light, shown 
by the eclipses of Jupiter's satellites; in the progress of disease, in 
which there is a change of the structure of the parts. The late 
Professor Playfair remarks on this subject, “ to know the relation 
between the time and the change effected, would be to have a perfect 
knowledge of the latent process the meaning, of course, is, if we 
could know all the minutest changes : for we may know, by experience, 
bow much time it may take to cU'ect a given change on matter, with- 
out knowring what intermediate changes may have led to the given 
one. , In explanation of Bacon’s doctrine, Mr, Playfair adds, “ in the 
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firing' of a cannon, for example, the succession of events duriiii; tlie 
short interval between the application of the match, and the explosion 
of the ball, constitute a latent process of a very remarkable and com- 
plicatetl nature, which, however, we can now trace with some degree of 
accuracy. In mechanical operations we can often follow this process 
more completely. When motion is communicated from any body to 
another, it is distributed through all the parts of that other, by a law 
quite beyond the reach of sense to perceive directly, but yet subject to 
investigation, and determined by a principle which, though late in be- 
ing discovered, is now perfectly recognised. The applications ot this 
mechanical principle are perhaps the instances in which a latent, and in- 
deed a very recondite process has been most completely analysed.” 
The allusion here is to the laws whicli regpilate percuition, coUition, 
and the communication of motion in bodies. 

What Bacon tenns the latent tchematUm, or structure of bodies, is 
that unseen shape and arrangement of their parts on which, it is ob- 
vious, so many of their properties must depend. The intemai struc- 
ture of plants, and the constitution of crystals, are instances ; an in- 
quiry into these is an inquiry into what is here quaintly termed the 
latent schematism ; as also such an inquiry into electricity, gravitation, 
magnetism, etc., as would be directed towards the attempt to explain 
these facts, by any pecniiar structure of bodies, or any arrangement of 
the particles of matter. “ The inquiry,” says Bacon, “ and discovery 
of the concealed structure in bodies, is as much a new thing as the 
discovery of the latent process, and form ; for men have hitherto trod- 
den only in the outer courts of nature ; and are not prepared to enter • 
within. But no one can superinduce a new nature on a given body ; or 
successfully and appositely change it into another body ; unless he has 
flrst a competent knowledge of the body to be altered or transformed.” 

It must be confessed that Lord Bacon, emerging as he did from the 
prejudices of those ages in which philosophers pretended to account 
fur almost everything, seems not only to have anticipated, as we have 
already observed, a greater perfection in human knowledge than it 
will ])robably ever attain, but also to have somewhat mistaken the 
way in which knowledge is to be converted to practical purposes. 
He supposes that if the ybrm, or cause, or law, of any qu^ity were 
known, we should be able, by inducing that “ form” on any body, to 
communicate to it the said quality. It is not obvious, however, that 
even this knowledge would necessarily conduce to more simple and ad- 
vantageous methods, than those of which the arts now furnish so many 
specimens. We arc quite ignorant, for instance, on what colour in 
bodies precisely depends — what peculiar construction of surfttce it 
is, whicli makes a body reflect one particular species of light rather 
than another ; yet wc know how to communicate this quality from 
one substance to another. Would a knowledge of that concealed 
structure, on which this reflection depends, enable us to impart it to 
bodies more easily than we are able to do by immersing them in a 
liquid of a given colour? 

Lord Bacon proceeds to make some remarks upon several of those 
changes in bodies, which he seems to have considered it within human 
power possibly to produce. He partly draws his illustrations from the 
pursuits of the alchemists ; and makes some suppositions savouring to 
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us a little of paradox, though we cannot but discern his gp-eat sagacity, 
and admire his persevering diligence, amidst all the disadvantages under 
which he laboured. “ We shall examine,” says he, “ what kind of 
rule, direction, or leading, a man would principally wish for, in order 
to superinduce an assigned nature fapon a given body ; as if any one 
should desire to superinduce upon silver the yellow colour of gold ; 
and to increase its specific gravity ; or to superinduce malleability 
upon glass ; or vegetation upon a body not of the vegetable kind.” 

“ The rule for the transmutation of bodies is of two kinds. The 
Artl regards'a body as a certain collection, or combination of timple 
■nature* (propertiet). Thus, for example, in gold, there meet together 
yellowness ; a determinate gravity ; malleability to a certain degree ; 
hxedne.ss in the fire ; a particidar manner of flowing in the fire ; a 
determinate way of solution, etc., which are the simple natures (pro- 
perties) in gold. For he who understands forms (causes), and the 
manner of superinducing this yellowness, gravity, ductility, fixedness, 
faculty of fusion, solution, etc., with their particular degrees, and pro- 
portions, will consider how to join them together in some body, so that 
a transmutation into gold shall follow.” 

“ But the second kind of rule, which depends upon discovering the 
latent proceu, proceeds by concrete bodice, such as they are found in 
the ordinary course of nature : for example, — when inquiry is made 
from what origin, by what means, and in what procedure, gold, or 
any other metal, or stone, is generated from its first fluid mutter, or 
rudiments, up to a perfect mineral. Or, again, by what process plants 
• are generated, from the first concretions of their juices in the earth, 
or from the seed to a formed plant ; together with the whole sue- 
cession of motion, and the various and continued endeavours of na- 
ture, And this inquiry does not only regard the generation of bodies, 
but likewise other motions and works of nature : for example, — when 
inquiry is made into tlie whole series and continued actions of nutri- 
tion, from the first receiving of the aliment to a perfect assimilation ; 
or, after the same manner, into the voluntary motions of animals, from 
the first impression of the imagination, and the continued efforts of 
the spirit, down to the bending and moving of the limbs ; or again, in 
explaining the motion of tlie tongue, lips, and other organs, up to the 
formation of articulate sounds. For these things, also, have regard to 
concrete natures, or natures associate and organical. — And where 
mankind has no power of operating, but only of contemplating, yet the 
inquiry of the fact, or truth of the thing, belongs, no less than the 
knowledge of causes and relations, to the primary and universal 
axioms of simple natures ; suppose, for example, the inquiry about 
the nature of spontaneous rotation, attraction, and many other natures ; 
which are more common and familiar to us than the celestial bodies 
themselves. And let no one expect to determine the question whether 
the diurnal motion belongs to the heavens, or to the earth, unless 
he first understand the nature of spontaneous rotation.” 

The above passages, while they furnish an example of that acute- 
ness and comprehension which so eminently distinguished their author, 
are not free from indications of his propensity to expect too much 
from human ingenuity, and to place the evidence of truth, in some 
respects, too high, liis remark, for instance, with regard to the 
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“ nature of »pontaneou-i rolaiion," whatever idea he atUiclied to it, as 
belongiiiif to tlie celestial motions, may account, in some measure, for 
his prejudice a^rainst the doctrine of Copernicua, which attributed the 
diurnal motion to the earth, and not to the heavens ; and which had 
been published to the world mahy years before Bacon nourished. 
Indeed, a pronencss to form boundless expectations as to what human 
power mi^ht elf'ect ; and, in the very in&ncy of practical science, Ui 
look for achievements higher than we can, even in its more advanced 
age, venture to hope for, is one of the most remarkable features in the 
elevated and daring genius of this great man. 

Further, to explain his views with regard to the inquiry into the 
latent atnicture of bodies, he points out what he conceives to be some 
of the proper objects ou which this minute investigation may be insti- 
tuted, as iron and stone ; the root, leaves, and flowers of plants ; the 
flesh, blood, and bones of animals. DutUlation, and other methods 
of separation, are instances, as collecting together the different homo- 
geneous or similar particles of the same body, lie here, however, 
acutely cautions the chemists of his day against supposing that alt the 
natures (qualities) which may be exliibited in the separation of the 
parts of any substance, must have existed in the compound ; new 
natures (properties) being often superinduced by heat, or some other 
method of resolving bodies; “for this structure,” he observes, “is 
a thing of great delicacy and subtilty, and may be rather eoufoimded, 
than discovered and brought to light, by the operations of fire.” He 
, adds, in his usual serious and Imaginative style ; “ Bodies, therefore, are 

to Ire separated, not (merely) by fire, but by rea.sou, and genuine in- 
^ ductioii ; with the assistance of experiments ; for we must go over 

' from Vulcan to Minerva, if we would bring to light the real textures 

and structures of bodies.” 

> On the sanguine expectations and lofty aims which Lord Bacon in- 

dulged, with regard to what human industry and perseverance might 
eflcct, he proposes to found what he terms the “just division of philo- 
sophy, and the sciences,” into metaphyria and phyaica. “ The inquiry 
r of forma," he says, “ which, from the reason of the thing itself, and 

their own law, are eternal and immutable, may make mrtaphyaica ; 
■ and the inquiry into the efficient cause, the matter, the latent pruceaa, 
and the latent atructure, may constitute pkyaica, since these several 
(latter) particulars regard the ordinary course, and not the fundamental 
and eternal laws of nature.” Certain it is, that however just such a 
general division of all human knowledge might be in Bacon's sense«f 
it, could we ntalisc his ideas and aims as to the diacovery af forma, no 
]irogress has, as yet, been made towards the hopeful attainment of such 
a system of metaphysics ; and probably the more secret operations of 
nature may for ever remain so shrouded from human penetration, as 
to render it impossible to say, in any one instance, that we have reached 
the goal, ascertained the very Jiral in the series of second causes, and 
drawn the exact line between the subordinate operations of matter, 
and the immediate agency of the Infinite Spirit. — The following pas- 
sages, on the " raiaing of axioma, or principtea from experience," are 
introductory to the tables in which Bacon has exemplified his own 
method of induction, in an inquiry into the “ form” of heat ; or, in what 
heat consists. 
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“ The raUinfr of axioms from experience is divided into three kinds 
of administrations nr lielps ; 1. fur the sense ; 2. for the memory , 
and 3. for the reason.” 

(I.) “ Tlierefore, a just and adequate natural and experimental 
history is to be procured, as the foundation of the whole thing ; for we 
arc not to fancy or imagine, but to discover what are the works and 
laws of nature.” 

(2.) “ Such history must be digested and ranged in proper order ; 
therefore tables and subservient chains of instances are to be formed 
in such manner, that tlie understanding may commodiously work upon 
them.” 

(3.) “ And though this were done, yet the understanding, left to 
itself, and its own spontaneous motion, is unequal to the work, and un- 
fit to take upon it the raising of axioms, unless it be first regulated, 
strengthened, and guarded ; therefore, in the third place, genuine and 
real induction must be used as tlie key of interpretation.” 

“ The inquiry of formt proceeds in this manner. First, all the 
known instances, agreeing in the same nature, though in the most dis- 
similar subjects, are to be brought together, and placed before the un- 
derstanding. And this collection is to be made historically, without 
any overhasty indulgence of speculation, or any great subtilty for the 
present. We will illustrate the thing by an example in the inquiry 
into the^rm of heat.” 

Section If. Of the Tables given in Jllutlralion of the Inductive Method. 

The materials from which Lord Bacon designed tnat tables of this 
kind should be composed, for the future advancement of science, were 
such as he himself has sketched out in his book entitled, after the 
quaint fashion of the time, Sylva Sylvantm, or “ A Natural History ; 
in Ten Centuries each of the ten sections into which it is divided 
containing one hundred facts and experiments, relating to a great va- 
riety of subjects ; the term natural history being here used in a very 
extensive sense, to signify a record of observations on nature in general. 

Such a history of facts as that from which tables should be drawn, 
was to contain an account of the subject under examination, in all the 
varieties and modifications of which the appearances belonging to it 
were susceptible. Not only were these facts in nature to be included 
in it, which offer themselves at once, and of their own accord, to the 
senses, but also all those experiments which might be instituted for the 
discovery of new facts relating to the same inquiry. These facts and 
experiments were to be ascertained with the greatest care ; faithfully 
and simply stated, without mixing up any theory with the narration 
of them ; and distinctly arranged. If any thing rested on doubtful 
evidence, this was not to be altogether excluded from the history of 
the subject, but to be noted down as uncertain, together with the rea- 
sons for so regarding it ; and it was not to be employed as evidence in 
the discovery of forms, or ultimate causes, till rendered more probable 
by other facts, on which there rested nothing doubtful. In short, this 
history of nature was to be, as much as possible, a copy of nature her- 
self, both as regarded obvious facts, and actual experiments ; for, in ex- 
periments, as Bacon observes, “man does nothing more than bring things 
nearer to one another, or carry them farther off ; the rest is performed 
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by nature." This remark has its exemplification in such operations as 
the firing of a pistol, the discharge of an electrical jar, and in all the 
experiments of chemistry, in which the art of man does no more than 
commence the process by applying the spark to tlic gunpowder, or by 
causing the connection between the inside and outside of the jar to be 
produced, or the electric circle to be completed; or by bringing the 
chemical agents into contact with each other; the rest is done by 
nature herself. * 

It must be acknowledged that a single glance into the Sylva Sylva- 
rum' wilt convince the reader that it is far from answering to the 
standard which its great author sets up for regulating the collection of 
the materials of scientific inquiry. In his “ Experiment Solitary 
touching the commixture of flame and air, and the great force thereof," 
he says, “ As for living creatures, it is certain their vital spirits are a 
substance compounded of an airy and flamy matter. It is no marvel 
that a small quantity of spirits in the cells of the brain, and canals of 
the sinews, should be able to move the whole body, which is of so great 
mass ; such is the force of these two natures, air and flame, when they 
incorporate.” It is unnecessary to adduce other specimens, many of 
which are to be found, as fanciful in matter, as vague in statement, 
and as gratuitous in evidence ; in a word, exhibiting as complete a 
departure from the severity of the inductive method. Yet, amidst this 
indigested mass of facts and fancies, it is impossible not to discern 
the unwearied diligence, the acuteness, the boundless curiosity, and 
insatiable appetite for knowledge, which Bacon possessed. It is in- 
teresting to L>ae the energies of such a mind grappling with the difficid- 
ties which inevitably surrounded it ; eager for liberty, beneath the 
shackles that cramped its exertions ; panting for the pure air of truth, 
amidst those oppressive mists of error which beset it on all sides ; and 
more readily taking up with error, from its very impatience for truth. 
Bacon’s faults as a practical natural philosopher, the occasional cre- 
dulity and love of theory which he manifests, are only the more re- 
markable from his having so admirably descanted on those very 
errors by woy of speculation. To free himself from the actual do- 
minion of error in natural science, even though he had such lofly 
general conceptions of truth, was perhaps impossible in his situation. 
The morning star of nature is, in the langpjage of Milton, “ last in the 
train of night,” though it belongs “ better to the dawn ;” and the sun 
himself cannot shake otT the mists that attend his rising — time is 
needed to dispel them : Bacon was the first grand luminary of science, 
and it was no wonder th.at a portion of the darkness of the middle 
ages should still cling around him. 

Nor was he himself unaware of the imperfection of thoite crude and 
recent materials from which, for want of collections of facts sufficiently 
accurate and long-established, he was obliged to deduce his tables. 
Perhaps, what he chiefly intended was a rough sketch of the history 
of nature, leaving it to posterity to follow out his plan with greater 
accuracy, and with all the advantages of time. This appears, indeed, 
from the caution which he gives his readers, quoted in our former 
Treatise on this wurk, not to reject his method itself, because some 
experiments and facts may not be so well verified os might be wished ; 
or others even absolutely false. The same may be gatliered trom the 
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following remarkable passage in the Preface to the Sylva Sylvarum, 
hy Dr. Rawley, who was Lord Bacon’s chaplain. " 1 have heard his 
Lordship often say, that if he should have served the glory of his own 
name, he had been better not to have published this Natural History ; 
but tliat he resolved to prefer the good of man, and that which might 
best secure it, before any thing that might have relation to hiin.self. 
And, in this behalf, I have heard his Lordship speak complainingly, 
that his Lordship, who thinketh he deserveth to be an architect in this 
building, should be forced to be a workman and a labourer, and to 
dig the clay and bum the brick ; and to gather the straw and stubble 
over all the fields to burn the bricks withal. For he knoweth that 
except he do it, nothing will be done; men are so set to despise the 
means of their own good." 

Lord Bacon formally extmpliJUt his method of induction in this part 
of the Novum Organon, on the subject of htat — his object Being to 
inquire, what is its_/ur»i or nature? In order to institute this inquiry, 
he'arranges the facts and experiments he was acquainted with relating 
to it, in Jive, different tables. These tables, while they partake of all the 
imperfections found in the Sylva Sylvarum, can scarcely be denied the 
praise, as Professor Playfair remarks, of being “ extremely judicious," 
while the whole disquisition, as the same excellent judge observes, is 
highly interesting." 

Tab. I. — The Jirst tablecontainsinstancesin which heat is found and 
is termed, by the author, the “ Affirmative Table;" or “ Inslances that 
agree in possessing the nature of heal and here are enumerated the 
sun’s rays, direct and reflected; fiery meteors; lightning; flame; 
ignited matter ; hot springs, and heated fluids in general ; sultry 
sea.sons ; subterraneous air ; the coverings of animals ; all bodies 
exposed to the action of fire ; sparks struck out by collision; matter 
in a state of friction, as the wheels of carriages ; green and moist 
plants when pressed together, as hay; slaked lime; iron in a state 
of effervescence with acids ; the bodies of animals ; herbs that are 
hot to the taste, as cresses : vinegar also is added, as applied to the 
flesh ; and even intense cold producing a burning sensation. 

Tab. II. — The second table which Bacon proposes in jnirsuit of his 
method, is negative; containing a list of things in which heal is not 
found: but, for the sake of brevity, the examples here introrluced are 
to be only of those things which have a near relation and resemblance 
to the things mentioned in the first table, alone eicepled, in w hich 
they arc, to all sense, wanting. Thus, the first example of the “ instances 
agreeing in possessing heat’’ were the sun’s rays; and the parallel 
negative instance, or the first mentioned in the second table, are the 
rays of the moon, of stars, and of comets, since these are all luminous, 
though less so than the rays of the sun, but are without heal. In like 
manner, every instance in which heat exists in the things enumerated 
ill the Jirst table, is to have one or more parallel instances in tlie 
second, in which heat is wanting ; though the substances in both the 
tables seem nearly related to each other. 

Tab. III. — The third table consists of a comparison of the degrees of 
heat found in different substances. The things first to be considered are 
such as discover no heat whatever to the touch, but seem only to have, 
says Bacon, “ a certain potential heat, or a disposition and prepara- 
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iion towards actual heat.” Quicklime, green plants, acrid vege- 
tables, etc., are mentioned as examples. The first degree of heat sen- 
sible to the touch, he considers to he that of animals ; and inquiry is 
to be made respecting the comparative heat of the diflerent kinds of 
animals, and of different parts of the same animals ; and the causes 
by which animal heat is increased. The degrees of heat in various 
kinds of flame are also to be observed ; as in the flame of alcohol ; 
of porous vegetables ; of wood ; of unctuous substances, as oil and 
tallow ; of pitch and resin ; of sulphur ; of gunpowder ; of im- 
perfect metals, as regulus of antimony ; and of lightning. Also (he 
degrees of heat in ignited bodies, as in tinder, coal, and metals. The 
thermometer (vitntm calendare'), which was just come into use when 
Bacon wrote, is mentioned as showing the extreme aptitude of the 
common air to receive and communicate heat ; being afleeted by the 
slightest change of temperature. Next to the air, those bodies were 
imagined to be most sensible of heat which had been newly changed 
and condensed by cold, as snow and ice ; then is mentioned conjecturally 
quicksilver ; next unctuous bodies, as oil and butter ; afterwards 
wood ; water ; and lastly, stones and metals, as not heating so easily, 
though they retain their heat a long time. 

This table, while it discovers, like the rest, the exhaustive genius 
peculiar to its author, and the enlarged general views which he took 
of the subject of inquiry, possesses the same defects as it regards 
accuracy in the facts ; aiid occasionally the same insensible tendency 
to theorize. It appears singular enough, for instance, to us, who know 
the property which oxygen has of sustaining combustion, that the 
increa.se of heat should be accounted for mechanically thus : “Motion 
increases heat, as appears by bellows and blow-pipes and that after 
a description of the thermometer, and the sensibility of the air in respect 
of heat and cold, it should be added, “ but we conceive that the spirit 
of animals has a still more exquisite sense of heat and cold, unless it 
be obstructed and blunted by the grosser matter of.their bodies.” Yet 
It is here remarked — “ How unprovided we are in natund and experi- 
mental history, may be easily observed from hence ; that in the pre- 
ceding tables we are frequently obliged to direct experiments and 
further inquiry into particulars; and that, instead of approved history, 
and such instances as may be depended upon, we are sometimes 
driven to insert traditions, and stories, though we do this with a mani- 
fest doubting of their truth and authority.” 

These three tables, containing a great number of such positive, 
negative, and comparative examples on tfle subject of heat as we have 
quoted, arc designed. Lord Bacon says, to “ present a view of instances 
to the understanding.” And when this view is procured, the business 
of induction is to be put in practice. “ For, upon a particular and 
general view of all the instances, some quality or property "is to be 
discovered, on which the nature of the thing in question depends, and 
which may continually be present or absent, and always increase and 
decrease with that nature ; and limit the more common nature. God, 
the giver and Creator affirms, doubtless knows them by immediate 
affirmation, and at the first glance ; and so, perhaps, may angelic 
intelligences ; but this is certainly beyond the power of man, to whom 
it is given to proceed, first, by negatives only and after a perfect exclu- 
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sion by qffirmaiita. We must therefore make resolution and separa* 
tion of nature, not by fire, but by the mind, which is, as it were, the 
divine fire. And thus the Jint work of genuine induction in the duco- 
very of fimu, is to throw out, or exclude, such particular natures as are 
not found in any instance where the given nature is present ; or such 
as are found in any instance where that nature is absent ; and again, 
such as are found to increase in any instance when tlie given nature 
decreases ; or to decrease when that nature increases. And then, afier 
this rejection and exclusion is duly made, the affirmative, solid, true, 
and well-defined fbrm will remain as the result of the operation, whilst 
the volatile opinions go otf, as it were, in fume. And if any one shall 
think that our forms have somewhat abstracted in them, because they 
appear to mix, and join together thinfrs that are heterogeneous, as the 
heat of the celestial bodies, and the heat of fire ; the fixed redness of 
a rose, and the apparent redness of the rainbow, or the opal ; death 
by drowning, and death by biiniing, stabbing, the apoplexy, con- 
sumption, etc., which, though very dissimilar, we make to agree in the 
nature of heat, redness, death, etc., he must remember that his own 
understanding is held and detained by custom, things in the gross, 
and opinions. For it is certain that the things above-mentioned, 
however heterogeneous and foreign they may seem, agree in the ybrm 
or law that ordains heat, redness, and death.” 

The first step, therefore, according to Bacon, in an inquiry into the 
firm or cause of any thing by induction, is to consider what things 
are to be excluded from the number of possible forms or causes. This 
exclusion contracts the field of inquiry, and brings the true explanation 
of tlfe case more within reuch. Thus, suppose the subject in question 
be, to use the language of oiir author, the fbrm of transparency ; or in 
other words, the quality which is the cause of transparency in bodies ; 
now since the diamond is transparent, we immediately exclude 
fluidity, and porosity or rarity ; because the diamond is a very solid 
and dense substance : that is, a body may be transparent, without 
being either fluid or light, compared with other bodies ; neither 
fluidity nor lightness, then, are the form or cause of transparency. 

Tab. rV. — Bacon’s yburfA table, accordingly.'proposes to exhibit “ an 
example of this exclusion, or rejection of natures from the form of heat ; 
that is, a rejection of those things as the causes of heat, in which it 
evidently cannot consist. Thus, as both the sun’s rays and common fire 
arc hot, he excludes both “ terrestrial and celestial nature.” Light and 
splendour are also rejected as essential to heat, because water, air, and 
solid bodies will receive or conduct heat without being ignited ; and, 
on the contrary, the rays of the moon and stars present light without 
any sensible heat ; also because ignited iron is less lucid, but hotter 
than the flame of alcohol. Again, tenuity, or a certain lightness of 
substance, is to be excluded as the cause of heat, because gold, which 
is very dense, can be ignited ; while the air, which is generally cool, is 
thin and subtile. Expansive motion is also to be rejected. Bacon says, 
“ because ignited iron enlarges not in bulk, but remains of the same 
dimension this, however, is contrary to a well-known fact in the eco- 
nomy of heat. — As bodies arc wanned without destruction of the parts, 
this destruction is to be excluded. Other things also are to be re- 
jected, “ for our tables,” says the author, “ are not designed as perfect 
but only as examples.” 
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Hence, it is added, at the end of this table, ‘‘ The business of ex 
elusion lays the foundation for a genuine induction, which, however, 
is not perfected till it terminates in the affirmative ; but an exclusion 
is by no means perfect at first, nor can it possibly be so ; for exclu- 
sion, as we plainly see, is the rejection of simple natures ; and if we 
have hitherto no just and true notion of simple nature, how can the bu- 
siness of exclusion be rectified? But some of the above-mentioned 
notions, as those of elementary (or terrestrial) nature, celestial nature, 
and tenuity, are vague and ill-defined. Wherefore we must proceed 
to greater helps for the mind. And yet we judge it useful to allow the 
understanding to apply itself and attempt the business of interpret- 
ing nature in the affirmative, on the strength of the instances con- 
tained in these tables, and such as may be otherwise procured. And 
this kind of attempt we call a permission of the understanding, the 
rudiments of interpretation, or the first vintage of inquiry." 

Tai. V. — The next, which is the ffth table and the last, is accordingly 
quaintly entitled, “ The first Vintage concerning the Form of Heat f that 
is, a rough and general specimen of a conclusion derived from the forego- 
ing investigation. Bacon concludes, here, that from an examination of 
all the instances, “ separately and collectively, the nature whose limita- 
tion is heat, appears to be motion’’ which he attempts to prove from 
the view he took of the facts. He adds, “ what we have thus said of 
motion is to be understood of it as of a genus, with regard to heat, and 
not as if heat generated motion, or motion generated heat, though this 
may be true in some coses ; but the meaning is, that heat itself, or the 
very existence of heat, is motion, and nothing else, though motion 
limited by diflcrenccs, which we shall presently subjoin.” 

He next points out these “ differences," as he terms them ; that is, 
he endeavours to discover what kind of motion this is of which he 
speaks. He first argues that it is expansive, whereby a body dilates 
itself ; which, however, is hardly consistent with his observation on 
ignited iron in the fourth tabic. The second “ difference,” or quality 
of the motion is, that heat is an expansive motion toward the circum- 
ference, and which at the same time rises upwards, “ The third differ- 
ence,” he says, “ is that this motion is expansive in the lesser particles 
of a body and “ the fourth difference is, that the motion in which heat 
consists is rapid.” All this he attempts to prove, and concludes thus : 
I,ct this serve for what wc call the first vintage, or an attempt towards 
interpreting the form of heat, which the understanding makes, as we 
said, by way of permission. The fruit of this first vintage is in 
short : Heat is an expansive, bridled motion, struggling in the 

small particles of bodies. But this expansion is modified ; so that, 
while it spreads in circumference, it has a greater tendency upwards. 
It is also vigorous and active. And as to practice, if, in any natural 
body, a motion can be excited which shall dilate or expand, and again 
recoil or turn back upon itself, so as that the dilatation shall not 
proceed equally, but partly prevail, and partly be checked, any man 
may doubtless produce heat And this may serve as an example of 
our method of investigating Forms.” 

Notwithstanding the imperfection of these tables as to their detail, the 
want of accuracy in the experiments, the crudeness, and the apparently 
gratuitous style of Bacon’s conclusions, amidst the laboured appear* 
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ance of the whole, it is worthy of remark that his hypothesis on the 
nature of heat is the very same as one of those which still, at the distance 
of nearly two centuries, divide the opinions of philosophers. The 
more direct and elegant manner in which the moderns have employed 
his inductive method, has not, in the very instance which he first chose 
as an example of it, enabled them to go one single step beyond him. 
It is still a question, whether heat be really matter — a subtile fluid 
capable of diflusing itself in bodies ; or anything more than a motion, 
Tibration, or rotation, excited among their particles. All the experi- 
ments that have been made up to the present time, have not availed 
to set the question at' rest ; and the greater part of the facts re- 
lating to heat may be explained equ-ally well on either of the two 
■uppositions. 

Section III. — O/" the Doctrine of Inttancee, or Factt, at regards the 
Discovery of Forms. 

It is obvious that all facts, however well authenticated they may be, 
are not of equal importance in the discoveries of science. Some facts 
are so like others, that it may be quite unnecessary to notice them. 
Some exhibit the subject of inquiry in its most simple state ; others 
present it witli a combination of circumstances. In some cases the 
thing sought appears in its highest degree ; in others in its lowest. 
In medicine, for instance, a disease sometimes presents itself in its 
purest form, and most regular progress ; at other times it is involved 
in a variety of other symptoms that do not belong it. Hence Lord 
Bacon proposes to consider what he calls Prerogative Jnslaniiantm, 
Prerogative Instances ; or the comparative value of fads as means 
of discovery, or instruments of finding truth. 

The design here is to show what are the most important and essen- 
tial particulars in every inquiry ; or what instances in the operations 
of nature are chiefly to be sought for, and attended to, in order to 
discover the laws of nature in general, to whatever extent man may 
be able to ascertain them. The conclusion on the subject of heat 
being only to be regarded as an example, and not as a perfectly esta- 
blished truth. Bacon retraces, in a manner, his own steps, and pro- 
ceeds to treat, generally, and more accurately, of the way of procuring 
a proper collection of such facts, experiments, and observations, as are 
best fitted to constitute affirmative, negative, and comparative tables, 
like those we have described ; and this in order, ultimately, to shorten 
the inquiry, and to render it more rigid. 

We shall now give our readers an outline of these “ Prerogative 
Instances;” or those cases which have a chief claim to be noticed in 
the attempt to interpret the laws of nature; retaining the terms which 
Bacon figuratively applies to them. He divides them into three 
classes, which he denominates those which address themselves to the 
understanding; those which assist the senses; and those which con- 
duce to practice. 

I. Instances addressing themselves to the Understanding. 

1. Tlie first are the Instantim Solitarie ; solitary instances. These 
are divided into two classes. — The first are those examples in which the 
the same “ nature," or quality, exists in different bodies, which have 
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nothing in common but that quality ; that is, the bodies differ iu all 
thiiig;s but in this one. The conclusions that cun be entertained in 
tliis case, respecting the form or cause of this quality, are limited, inas- 
much as they involve none of the things in which tbe bodies differ, but 
only that in which they all agree. Crystals, prisms of glass, and dew- 
drops, are inslantiee solilaria, because they exhibit colour, in some 
situations, while they have nothing in common with stones, metals, 
wood, flowers, etc., whose colours are fixed, excepting the colour 
itself. Hence Bacon infers that colour is, iu the first substances, that 
is, in crystals, etc., simply a modification of the rays of light, pro- 
duced by the different degrees of incidence, or the angles which light 
makes in falling on them ; and in the latter case, as in stones and 
metals, he concludes that colour depends on the texture and structure 
of the surface. It was by these examples that Newton afterwards dis- 
covered the composition of light. 

The second class of solitary instances are the reverse of the former. 
Tliey are those cases in which the “ nature” or quality, which is the 
subject of inquiry, differs in two bodies whiclaarc in all other respects 
the same ; that is, the bodies here agree in all things but this one. The 
form or cause here, therefore, cannot exist in any of tlie general things 
in which the bodies agree. The veins of black, and of white, iu 
marble, and the variety of colours in flowers, are adduced as examples ; 
where the sidjstances agree, almost in everything but in colour. Bacon 
here again concludes that permanent colours depend chiefly on the tex- 
ture of the surfaces of bodies, and very little on their internal and 
essential properties. 

2. Instantiee Migrantes, or travelling instances, ore those in which 
one quantity is lost, and another is produced ; or, in which the nature 
or quality inquired into exhibits changes and degrees, passing from 
less to greater, or from greater to less ; in the one case approaching 
its maximum, or greatest state, in the other tending to extinction alto- 
gether. Let the inquiry be into the cause of whiteness, in bodies that 
are of this colour. Glass and water are mentioned as examples. Glass, 
when whole, is without colour ; but, when powdered, becomes white . 
so water in its natural state is colourless, but is white when in the state 
of foam. Both these substances pass from a state of transparency to 
an opaque state. “ It is manifest,” says Bacon, “ that the form 
(cause) of whiteness travels or is conveyed over by pounding the 
glass, and agitating the water ; nothing, however, is here found but 
a bare comminution of the parts, together with the interposition of 
the air ; and whiteness is exhibited by a different refraction of the rays 
of light.” Metals becoming fluid by heat, and again solid by its 
abstraction, might be added as another example. Also the shells 
which are often found perfect in limestone, and by degrees become 
lost in the finer marbles, till they are no longer discerned. The mi- 
neral kingdom prc.sents this kind of instances in the greatest abundance, 
and such facts are, perhaps, nowhere of greater importance in practice. 
The barometer also furnishes an instance of this progressive kind ; for 
on going to the top of a mountain the mercury sinks, which it ought 
to do, if it be tlie weight of the atmos[>hcre that supports it, because 
file column of the atmosphere is now shorter. 

8. come tlie Instantiee Ostensivee, glaring instances ■, which our 
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author also terms elutcentiie, and predominanta, or instances which shew 
the nature nr quality in its highest power and degree, aand freed from 
the obstrtictions which usually counteract it. The iiatiwe which is the 
subject of inquiry is here, as is represented, fully displayed, either by the 
absence of such obstructions to it, or by its prevailing over them by its 
own energy. The thermometer is judiciously chosen as an example ; 
this instrument very obviously shewing the expansive force of beat in 
its operation on air. Perhaps, Lord Bacon is not so happy in adducing 
quicksilver, on account of its fluidity, as a glaring instance leading to- 
wards the discovery of what gravity is ; for gold, which is heavier than 
quicksilver, becomes fluid also by the application of heat ; and quick- 
silver is solid at a certain temperature. * 

Professor Playfair atliluces as an example of this class, the shells, 
corals, and other marine exuviae, or their impressions, found imbedded 
in solid rocks, and on high mountains, as decisively proving the original 
formation of such land under the sea. 

4. The Instantiee Clandeslinte, or obscure instances, may be consideretl 
as opposed to the last. Bacon has al.so fancifully called them In- 
stantieE Crepuxeuli, twilighl instances. These are the cases in which 
some quality or power is just beginning to manifest itself, and is in 
its weakest and most imperfect state. These he regards us peculiarly 
important in attempts at generali.sation. He mentions an examide 
with reference to the nature of solidity, exhibited in a low degree in 
a fluid, when water, blown into a bubble, assumes a kinti of consistent 
skin, and may be thrown in this form to a considerable distance ; and 
he infers, from such cases, that fluidity and solidity are only relative 
ideas, and that bodies have what he terms “ a real appetite to avoid 
discontinuation.” Water suspended in capillary, or very small tubes, 
is another illustration. This effect may be viewed when at its minimum, 
or in the least degree, that is, when the tube is increased in its bore. The 
column of water now becomes a slender ring, going all round the 
vessel. As this ring must be formed by the attraction of the siilcs, 
and of the part directly above the water, there can be no doubt that the 
capillary suspension arises, in part at least, from the same cause. 

5. In the fifth place, are noticed the Instantiee Manipularcs, or collec- 
tive instances ; that is, general facts, comprehending a number of par- 
ticular cases ; tending to carry us to a certain extent in the discovery 
of causes, and assisting in the atteni])t towards a further generalisation. 

Tlie laws of Kepler, not mentioned by Bacon, thovigh discovered 
before he wrote, are a case in point. These laws, which aided 
Newton in detecting the principle of gravitation, are three general 
truths or facts in astronomy ; each of which holds with regard to 
every planet. These laws are, that the planets all move in oval 
orbits round the sun, placed in the common focus ; that a line, sup- 
posed to be drawn from this focus, or point in the ellipse, to any planet, 
passes over equal sjiaces in equal times ; and that the squares of the 
times of revolution round the sun are always as the cubes of the mean 
distances from him. Each of these laws was discovered, after vast 
labour and research, and by comparing together an immense number 
of observations. In such collective instances astronomy is fertile. A 
planet is seen in the heavens; by long and diligent attention, it is 
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found to move in a certain direction, with a certain velocity, and to 
perform its revolution in a certain time. Hence the periodic time, or 
the year of every planet is a collective fact, — a fact resulting from nu- 
merous observations. 

Bacon’s example of this kind of instances is taken from memory, 
the nature of which is supposed to be the subject of in(|iiiry. Collec- 
tive instances, tending to conduct us some way in the investigation, 
arc, he says, such facts as these ; namely, that order, arlijicial euso- 
cialiom of ideas, auti verse, aid the memory ; also whatever ap|>eals to 
the senses, or the passions, so as strongly to excite them ; again whatever 
is presented to a mind that is free and unoccupied, as is the case with 
children ; what is noticed for the first time ; and what we make an 
effort to retain — these things are usually best remembered. This in- 
stance may serve to show the comprehensiveness of Bacon’s design, 
which was to prescribe rules for all kinds of investigations, whether 
relating more strictly to natural philosophy, or, as here, to intellectual 
science ; indeed, it was in his iilcas relative to the conduct of the un- 
derstanding in its pursuit of truth that he chiefly excelled. 

6. Tnslanliee Conformes, or instances that are parallel", or analogous, 
are facts which resemble each other in some particulars, while in all 
the rest they are very different. Optical instruments and the eye ; the 
structure of the ear, and of caverns that yield an echo, are mentioned 
as examples. Also the fius of fish ; the feet of quadrupeds ; and the 
wings of birds. 

It was the obvious analogy between the eye and the telescope, that 
led to the formation of achromatic, or colourless gla.sses : the means 
of which invention were pointed out by observing the different refrac- 
tive powers of the humours or lenses of the eye, which prevent tlie 
field of view from being coloured round its edges ; this was success- 
fully imitated in the telescope. On the other hand, art has, by a simi- 
lar instance of conformity, been able to jjoint out what takes place in 
nature : the experiment of the camera ohscura led to the discovery of 
the image on the retina of the eye, by suggesting the probability of 
it. — Sir James Hall’s experiments may be added ; showing that tlie 
presence of calcareous spar, in trap rocks, and its absence in lava, 
may arise from the degree of compression under which the fusion of 
the former took place. Basalt and other trap rocks have a structure 
so exactly similar to the lava of volcanoes, that it could scarcely be 
doubted that their origin was equally derived from tlie agency of fire ; 
hence the successful inquiry into the cause of the difference. — The 
valves in the blood-vessels of the human body resembled those used 
in hydraulic machines for preventing the return of the water ; hence 
Harvey took the hint which led him to the discovery of the circulation of 
the blood. 

7. Next are mentioned what are termed Insiantiee Monodicei, tin- 
gv)ar, or irregular facts ; such as are “ out of course or are remark- 
ably distiugni.shed from all other instances of the class to which they 
belong. Exanqiles are, the sun and moon among heavenly bodies ; 
the magnet among stones ; mercury among metals ; the elephant 
among quadrupeds. To these of Lord Bacon may be added such in- 
stances as the newly-discovered planets, which do not move in the 
todiac, and are of a much smaller size than the others ; also Saturn’s 
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ring, which is the only case we know of the kind. — Those stones called 
acroUla also, which have sometimes fallen from the heavens, may be 
noted as presenting a singular class of well-authenticated facts, not yet 
satisfactorily explained. 

8. Almost the same with the last, but mentioned as distinct by 
Bacon, are the InHantue DevianU», or deviating instances; “ that is, 
he remarks, “ errors of nature ; things monstroas and uncommon, 
where nature turns aside from her ordinary course. These errors of 
nature ditter from the ringular instances, which are miracles in species ; 
while these errors are miracles in individuals. And here the latent 
proceae that leads to the deviation is to be inquired into.’’ 

Examples of these are, he adds, “ all prodigious and monstrous births, 
and productions of nature ; and of all things new, extraordinary, or 
uncommon in the universe. And here such things are to be suspected 
as the prodigies of Livy ; and those no less which are found in the 
writers on natural magic, alchemy, etc., who are the professed admirers 
and lovers of the fabulous.’* 

9. Inatantiee Limitanea, or limiting instances, are also very near akin 
to the ringular. They are those which exhibit, as it were, a combina- 
tion of Itco different kinds in the same individual : the bat and the 
flying fish are examples ; also the mole ; and all combinations of dif- 
ferent species ; among these none are more remarkable than the strange 
quadrupeds lately discovered in New Holland, partaking of the 
structure both of birds and beasts, and called, by naturalists, the Omi- 
tkorhynchta Hislrix and Paradoxus. 

10. The next place is assigned to what are called the Inslanlite 
PotestaUa, instances of power ; by which are meant the most remark- 
able productions of human ingenuity ; or, as they are described, “ the 
most noble and perfect works, and such as may be called the master- 
pieces in every art.' Here are introduced the destructive inventions of 
gunpowder and ordnance ; the manufacture of silk ; also that of paper, 
on which he comments with great admiration, os very singular in its 
texture among the productions of art. He notices also glass, porce- 
lain, and enamel ; and adds that contrivances of “ dexterity, delusion, 
and diversion,” are not wholly to be rejected from the enumeration, nor 
even “ things magical and superstitious ; charms ; the supposed sym- 
pathy of spirits,’’ etc. ; because, under the falsehood of these tilings, 
the true operations of nature may oftentimes be concealed. 

Of these instances, it would be endless to adduce the examples which 
might be furnished by the modern improvements in art and science; 
the steam-engine alone might suffice, as connected with a world of 
inventions, each of which would have appeared to our indefatigable 
author a “masterpiece of art;* witness only one of the applications of 
it, namely, to the working of vessels on water. But in the line with 
gunpowder, or rather in advantageous contrast to it, may well be 
placed the safety-lamp, — aptly termed by Professor Playfair, “ the most 
valuable preSent that science ever made to art.” 

11. Instantia Comitalis, atque Hostiles, or instances of accompani- 
ment and separation, are those in which certain qualities, or properties, 
always accompany each other, and the reverse. 

Of the first kind are flame and heat ; that is, all flame possesses 
heat, while in air, stones, metals, heat is merely accidental, or may 
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tome and f^o. So also, excepting a very few particular cases, htat 
md expansion are an instance of this class ; heat being accompanied 
with an increase of the substance in which it resides. Body and 
gravity may also be adduced; for whatever is impenetrable and has 
inertia, that is, everything of which we can certainly say, it is matter, 
possesses also weight, more or less. 

The hostile instances, or those of separation, are opposed to the 
former ; that is, the quality which is the subject of inquiry is always 
absent firom them. Thus, in the case of solidity ; air, and elastic fluids 
in general, cannot, so far as we know, assume a solid form ; they 
are never exhibited in this state, although the discoveries of Mr. 
Farraday have limited the number of permanently elastic fluids by con- 
densing, through pressure, many which were before thought incon- 
densable. So, in the case of transparency : this, in solid bodies, is 
not found joined with malleability. 

12. Instantiee Subjunctive, subjunctive instances, or those which 
nay be subjoined to the last, as seeming nearest to approach the ex- 
ceptions to them. “ As for example,” says Bacon, ” the mildest and 
softest flames, or such as hum the lea.st ; and in the subject of incor- 
ruptibility, of which we have no affirmative upon this earth ; yet gold 
comes nearest to an incorruptible body." 

The other examples Bacon adduces seem rather to belong to the 
Instantie Cfstensive, unless he means to point them out as showing the 
limits of nature in some of the accompanying ins’tances : “ of this 
kind,” he says, “ are gold, in weight ; the whale in bulk of animal 
body ; the hound in point of scent ; the explosion of gunpowder, in 
sudden expansion.” 

13. The next instances are called Instantie Federis, or instances of 
alliance, or union ; in which natures, properties, or qualities, sup- 
posed to he dissimilar and heterogeneous, arc, on investigation, found 
to approach nearer to each other, if not to be the very sama. These, 
it is observed, are of great use in leading us, from resting in diflerences, 
to genera, or generM classes. Bacon adduces his favourite subject, heal. 
He says that, in his time, the heat of the mn, that of animals, and that 
of Jire, were supposed to be perfectly different in their very natures. He 
rejects this supposition, and illustrates his meaning, with regard to these 
instances, thus : — “ we have an instance of union in the case of grapes 
ripening sooner than the grapes of the same vine out of doors, if one 
of the brandies be trained within side a room where a fire is kept ; so 
that culinary fire will ripen grapes, which is supposed to be peculiar 
to ihe sun’s heat." He also instances the reasoning faculty in man, 
and the sagacity of brutes, as in some cases so nearly approaching to 
the appearances of originating in one common nature, as to merit 
particular inquiry. 

14. More important than the former, are the Instantia Crucis, 
crucial instances ; so called, after Bacon’s manner, from the crosses, or 
way-posts used to point out roads, because they determine at once be- 
tween two or more possible conclusions. 

” These instances,” says the author, ” are of such a kind, that, when in 
search of any nature (cause), the mind comes to an equilibrium, or is 
suspended between two or more causes, these facts decide the question, 
by rejecting all the causes but one.” In these cases, each of the sup- 
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posed causes equally accounts for the appearances, and it is the part 
of the inquirer to contrive some experiment, or discover some fact, 
applicable to the given question, which can only be explained by one 
of these causes ; by wiiich all uncertainty vanishes, and the true cause 
becomes known. It is very common to speak, both in science and 
common arts, of lesUt and experimenla crucit. These are sometimes 
decisive both ways, and sometimes imperfect, or what may be called 
unilateral. Thus, if a flame burns in any gas submitted to experiment, 
we conclude generally that there is oxygen in the air ; but if it does 
not bum, we cannot, therefore, conclude that there is none, for it may 
be in too close combination with some other gas to support flame. 
But a perfect test would be weighing any gas ; fur if it be heavier than 
common air, in the ratio of 1.435 to 1.2, it is oxygen ; if lighter or hea- 
vier it is not. Thus, too, in discussing whether a given writing be inno> 
cent or libellous, that i.s, maliciously composed, or composed with any 
improper motive of any kind, the truth is a unilateral test ; for if the alle- 
gations be false, there must be malice ; but there may be malice also, 
though the matter stated be true. There would arise very great dis- 
tinctness in argumentation, were we to adopt this convenient phrase of 
a complete and an incomplete or unilateral test — many of the errors in 
reasoning, especially upon moral subjects, arising from mistaking in- 
complete for complete tests. 

In order to illustrate this division of instances. Bacon institutes an 
investigation into the causes of the tides ; but the discussiqp is not 
founded on sufficient data ; is confused by being involved with a ques- 
tion upon the Copemican doctrine of the rotatory motion of the earth ; 
and the whole tenninates unsatisfactorily. To determine the true theory 
of the tides was reserved for Newton himself ; but he did it upon the 
genuine principles of the Baconian philosophy. 

I'he question whether rotation l^Iongs to the earth, or to the hea- 
vens, generally, is also introduced; and here Bacon evidently inclines 
to the old hypothesis, namely, that the heavens revolve round the earth 
which remains at rest ; though lie allows that, if any comet should be 
observed not to obey the apparent law of the celestial motions from 
east to west, this would be a crucial instance, showing that there can 
exist in nature a motion contrary to the visible, diurnal motion, as it 
appears to the sense. This question might have been determined by 
observing what is called, in the language of astronomy, the motion of 
the planets in latitude; that is, their deviations from the plane of the 
ecliptic, or the sun’s apparent annual path among what are now called 
the fixed stars. These deviations present a set of appearances not to 
be reconciled with the Ptolemaic system, which makes the earth the 
centre of the planetary motions, but are easily explained on the theory 
of Copernicus, or that of the sun being at rest in the centre. This, 
therefore, would have been an instance of the class before us, against 
the Ptolemaic hj-polhesis, and strongly in favour of the Copemican 
doctrine, though some other appearances of the Beavenly bodies 
might accord equally well with either of the two theories. — In his 
remarks on the subject of gravity Bacon is more happy. He pro- 
poses to solve the question whether or not bodies tend towards the 
earth in consequence of an attractive power belonging to it, by ascer- 
taining \vhetlier they fall with less velocity at greater distances from it; 
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and this is to be done by observinp whetlier or not the pondidiim 
moves more slowly at great heights above the earth’s surface. Ruth 
these queries have long been satisfactorily answered. 

Chemistry is rich in these Iiutantite or Experimenta Crucit. The 
great object in experimental philosophy is, to institute sonic experiment 
which shall be similar to another in alt respects but one, which, in 
order to be perfectly satisfactory, the method of induction generally 
requires. Hence, in those branches of science in which the objects ot 
inqniry are less completely under our command, and less capable of 
being put to the test of varied experiments, it is difhcult to distinguish 
the causes ; and to assign to each its own proper eRect. This is often 
the case in intellectual and moral inquiries, in poUticat economy, and 
also in medicine. Chemistry, which is so completely a science of ex- 
periment, furnishes notable instances of the present class. 

The celebrated Lavoirter performed an experiment of this kind, which 
exploded the doctrine of phloyision, ns held by former cheraiits. It is 
well known that when metals are calcined in tlie fire, the weight of 
the mass becomes greater after the process than before. The cause of 
this fact was a subject of inquiry. It was supposed, from some cir- 
cumstances, unnecessary to be detailed, that in the calcination of a 
muss of tin, for instancera certain substance is actually driven off by 
the fire. To this substance, the name of phlogiston was given ; and as 
the metal was heavier after its escape than before, it was supposed 
itself to possess what they termed absolute levity. 

Lavoisier instituted the following experiment : a quantity of tin was 
put into a glass retort, and hermetically sealed ; the retort, with its 
contents, was then carefully weighed. Tlie proper degree of heat was 
next applied, and the metal was calcined ; and now the weight was 
found to be exactly the same as before the process : nothing therefore 
could have escaped through the glass. When the retort lind cooled, 
it was opened, and the air rushed in, showing that a partial vacuum 
had been produced. The retort and its contents were now weighed 
a third time, and it had gained ten grains in weight; ten grains, there- 
fore, of air had rushed into the retort on its being opened. The calx 
was then taken out, and was found to weigh exactly ten grains more 
than it did before calcination. The ten grains of air, therefore, which 
*had disappeared, and had been replaced by the same weight of air, on 
the retort being opened, had combined with the metal during the pro- 
cess. This most satisfactory experiment led to the knowledge of oxy- 
gen gas, that species of air which combines with metals when they are 
calcincil, and the doctrine of phlogiston was exploded. 

15. Next in order are Instantice Jiivortii, instanees of separation ; 
“ which indicate the separation of those natures which for the most 
part are found together. These dill’cr from instantice cnecis, lus deter- 
mining nothing, but only admonishing usuf the separation of one nature 
from uiiother.” This seems a very general distinction, and not very 
applicable to* practice. It is followed by some curious remarks by 
way of illustration. Bacon says that agency in general belongs to 
some substance ; but doubts whether the attraction of a magnet docs 
not furnish an example of this agency, or virtue, being neitlier in the 
magnet nor in the body attracted, but between them both. He supposes, 
therefore, that “ natural agency, or power,” may subsist for a time 
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without a Rubstance; and thin he would call an instance of separation. 
He makes the same remark with rcj^rd to the attraction of the earth. 

It is obvious that there is here a confusion in the use of terms ; and a 
want of simplicity in forming the notion of cause and effect. Agency is 
first spoken of as a quality belonging to some agent ; and afterwards as 
a real existence, independent of an agent : this would be to introduce an 
additional agent; and to suppose, after all, that we know more of cause 
and effect than we actually know, which is, that one class of events uni- 
formly goes before another class, which maybe called t^eir correspond- 
ing events ; or that a certain antecedent always precedes a certain 
consequent. Bacon, however, singularly founds, on these supposed 
instances of separation, a fanciful argument fur immaterialism, by way 
of corollary, which he introduces as of great importance ; alleging that 
“ if natural virtues and agencies may subsist without a body for some 
time in space,’ this may lead us to a conception of the existence of an in- 
corporeal ^substance : — 'its existence, however, rests on better evidence, 
and strictly inductive, for we know the existence of matter only by its 
effects on our mind through our senses, and we know the existence of 
mind by our consciousness, or by the reflexion of the mind itself on its 
own operations. We have, therefore, the same kind of evidence, in a 
high degree, for the existence of mind as of body. 

IL Instances tending to assist the Senses. 

The above general name is gfiven by I,ord Bacon to the five orders 
of instances which follow. They are called, in his usual technical style, 
Jnslantia Lampadis, instances of the lamp, because they propose, chiefly, 
to correct or inform the senses ; the accurate impressions and informa- 
tions of which, it is evident, are of the utmost importance in philoso- 
phical inquiries. 

16. Of these five, the^rst are the Instaniiee Janute, instances of the 
portal, assisting the immediate action of the senses, and more particu- 
larly the sight. Of this kind are optical instruments in general, and 
speaking and hearing trumpets. Bacon mentions the telescope as the 
invention of Galileo, and as bringing into view the innumerable stars 
of the milky way, the satellites of J upiter, the unequal surface of the 
moon, and the spots in the sun ; but, ns he had not the opportunity of 
verifyihg these discoveries for himself, the admiration he expresses for * 
them is tampered with some doubt ns to their reality. He also notices 
the microscope, and instruments for measuring distances, as examples. 

17. The second of this class are the Instantiee Citantes, summoning; 
instances; so called because they cite things, as it were, to the bar of 
the senses, enabling us to perceive things which were before imper- 
ceptible. 

Among the causes why things escape the senses, are enumerated, dis- 
tance of place ; the interposition of some other body ; the vnjitness of 
the object to impress the senses; the shortness of the time during 
which, in some cases, the object may act on the senses ; and the 
object, as it were, sometimes overpowering the senses. Whatever re- 
medies these causes are instances in point. Bacon notices the pulse, 
as bringing to light conditions of the human frame, not cognixable by 
other means. He also remarks that very swift motion requires to be 
well-measured, in order to compensate fur its escaping the senses ; 
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this is now done with regard to sounds ; and by means of the eclipses 
of Jupiter’s moons, and the aberration of the fixed stars, tlie velocity 
of light itself is measured. 

Other examples may be adduced from modern science ; as the ban- 
meier, and the aiT-pump, which show the weight and elasticity of air ; 
and the experiments in pneumatics, in general, and in electricity and 
galvanism, have rendered certain the existence of things, which had 
before entirely escaped the senses, as the gases, or elastic fluids. To 
the same head iqay also be reduced the late wonderful discovery of a 
moving magnetic fluid, or an action circular and perpendicular to the 
electrical current, yet connected with it. 

18. Thirdly, follow the Imtanlite Vice, instances of tlie road. 

“ These,” says Bacon, “ we also ixTm jointed instances, as indicating 
the operations of nature gradually continued ; and these rather escape 
the observation than the senses of men.” There is a propensity in 
men, he remarks, to be contented with viewing nature only %y “ fits 
and starts,” at intervals, and when her processes are finished, while 
they neglect to watch her gradual method of working. This is the 
result of indolence. Nature’s operations, however, should be care- 
fully observed, while processes are going on, as we stand by and see 
the operative manufacturer carry on his work. Examples of these in- 
stances are the vegetation of plants ; the hatching of eggs, throughout 
all their stages ; such processes as putrefaction ; and in unorganised 
bodies, dislitlalion. These instances are somewhat similar ta (he 
inetanlite migrantee. 

. 19. The fourth are the Jnetantice Supplementi, instances of tubili- 
tution, “ or those to which we have recourse,” says our author, “ by 
way of refuge, when the proper instanees cannot be had.” He names 
the magnet, which attracts iron through various substances which may 
be interposed ; and adds, “ perhaps some medium may be found to 
deaden this virtue more than any other medium ; such an instance of 
•ubetilution would be in the way of degree, or approximation that 
is, it would apjiroach toward destroying the magnetic virtue. Per- 
haps iron has this quality in a higher degree than any other substance. 

20. 'The fifth, and the last enumerated, of this class, are the In- 
Mantia Pertecantet, sive Vellicantet, compulsory instances ; which 
^re thus explained. “ We call them so because they Itcilch the un- 
derstanding (vellicont) ; and because they cut through nature (per- 
secant). They are those facts which rouse the mind to a perception 
of the admirable and ex<|uisite subtilty of nature ; so as that it may 
be awakened and stimulated to due attention, observation, and re- 
search." Bacon means, in short, those facta, which force our attention 
to things which are apt, from their minuteness and subtilty, to escape 
our observation. His remarks on these instances show how alive he 
was to what is curious anS admirable in the laws of nature ; and exhibit 
the genuine spirit of a philosophic observer. 

Some of his examples are the following: a drop of ink in a pen, 
which is capable of so great a number of divisions into letters, in 
writing ; the amazing length to which a wire may be drawn ; the 
exquisite structure of animalculce ; the tincture which a little colour 
gives to a quantity of water; the small quantity of musk that 
will perfume a room, without losing any of its weight ; the great * 
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volume of smoke which is extricated from some substances, as incerue ; 
the notes in miuic, which are so accurately conveyed through air, 
wood, and other mediums, and reflected so swiftly and yet so distinctly 
in echoes ; light and colour passing so rapidly through masses of solid 
nr fluid matter, as through glass, or water ; and at the same time 
conveying to the eye a great and exquisite variety of images, though 
the light sulTers refraction and reflection ; the loadstone attracting iron 
through solid bodies. To these are added the multitude of natural 
operations that are going on in the universe at the same time, without 
interposing with each other ; as, for instance, visible objects are seen 
through the air ; numerous percussions and articulate sounds are 
acting on it ; numerous odours, as of flowers, are passing through it ; 
also cold, heal, and the magnetic attraction : all these actions are con- 
tinually going on, and innumerable more without obstructing each other. 

Our laborious author subjoins, what he calls limiting instances to 
this class. Thus, though one action or operation of nature does not 
disturb another of a different kind, yet tliis is not exactly the case with 
regard 'to actions of the same kind. The sound of a flute, and the 
smell of a rose, may both pa.ss through the air, and make impressions 
on the senses at the same time ; but the report of a cannon drowns 
the voice ; the light of the glow-worm, if emitted in the sun-beams, is 
not visible ; and a stronger odour overpowers a weaker. 

III. Instances leading to Practice. 

This division, to which Lord Bacon gpves the general name of In- 
stanlitt Practicee, practical instances, contains those which are of 
principal use in practice ; or in the actual eflort to raise the improve- 
ment of art on the foundation of science, and thus to reduce our 
knowledge to some valuable purposes. 

Tlie instances of principal use in practice he regards as of two kinds, 
applicable to the two ways in which he considers that knowledge may 
fail of leading to actual results. Tills failure may be occasioned by 
our knowledge not being sufficiently accurate and precise, though 
sound as far as it goes ; and this is often the case in natural philo- 
sophy, from objects not being exactly measured and estimated. Or 
the practical result that is desired may fail, through the process or 
experiment not being sufficiently simplified, but, on the contrary, eiA 
cumbered and confused with operations that do not necessarily belong 
to it. Hence the “practical instances” are divided into two classes, 
of which the ^rst are the Instantim Mensurte, instances of admeasure- 
ment ; of which he makes four kinds ; and in which some estimate of 
the qualities and actions of bodies is to be formed, in order to remedy 
the first of the two ahove-named sources of failure ; namely, the want 
of precision in our know ledge ; and to aid in converting know ledge 
into power. 

(1.) Instantiee Mensuree, Instances of Admeasurement. 

21. The Jlrst of these are the Instantiee Radii, or instances of the 
measuring-rod ; that is, cases in which things arc to be measured in 
respect of their relation to space. “ For,” says Bacon, “ the foices 
and motions of things operate within certain .sjiaccs that are nut iiidc- 
• finite and casual, but detenuiuate and finite ; and the due obsenauce 
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of these spaces in every subject of inquiry is of great importance to 
practice.” 

He remarks, for example, that many qualities and properties act 
only by contact. In the percussion of bodies, motion is communicated 
by the impelling bo(^ touching the impelled ; in the senses of taste 
and touch also the enect is produced by contact ; so in eiternal reme- 
dies used in surgery. Some agencies act at small distances, as in the 
case of amber, and the magnet, which attract certain substances within 
a certain sphere. Other agencies operate at great distances, as heat, 
odours, sounds, and especially light, the effects of all which, on the 
senses, are perceived when the sources of them are remote from us. 
The attraction of the moon on the sea is added, which Bacon tliought 
a probable cause of the tides, though he does not seem to have coiisi - 
dered his inquiry into the subject to have been sufficient to enable 
him to decide the question. Now all these agencies, it is argued, 
whether they take place at smaller or larger distances, are bounded 
and finite ; and it is an object of science, to ascertain their maxima, 
or extreme limits ; and how far their effects depend on the bulk and 
quantity of matter in the bodies of which they are the properties ; on 
tile peculiar nature of the properties or qualities themselves ; or on the 
fitness or unfitness of the mediums through which the agencies take 
place. Cases also arc noticed in which things act only beyond given 
distances, and never by contact ; as in vision, where the jbeus must be- 
attended to. These examples relate to progressive motions : the expan- 
sion and contraction of bodies were also to be regarded as kinds of 
motion, the laws and limits of which ought to be subjected to admea- 
surement. 

The Instantiee Radii may, it is evident, be illustrated further, by nu- 
merous instruments now used in experiments in natural philosophy ; 
and the greater part of which were unknown to our author. The ther- 
mometer, indeed, was extant in his time, as a new invention, and fur- 
nished him with one source of his experiments on heat, as we have 
seen in the instantiee ostensivee : this instrument has been the principal 
means of furnishing us with what we know of the agency of heat, 
even up to the present time. The hygrometer is another instance : 
this instrument, which has been greatly improved by Professor Leslie, 
Enables us to measure the quantity of moisture contained in the air. 
To these may be added all our instruments for measuring lines and 
angles, or mathematical and astronomical instruments generally 
also those instruments which measure weight or force ; as the com- 
mon scales, the hydrostatic balance, and the barometer. 

Nojiart of Bacon's work is more calculated than this to show the com- 
prehensive view he took of the agencies of nature, even when physical 
science was as yet in its first dawn. The instances in which bodies 
act on each other at a distance led him to form some confused idea of 
that universal principle, graritation, which Newton afterwards so 
triumphantly demonstrated and ajiplied. He suggests that there may 
be some kind of “ magnetic virtue which operates by consent, between 
the globe of the earth and heavy bodies ; or between the globe of the 
moon and the waters of the sea ; or between the Aarry heavens and 
the planets, by which they may be drawn to their apogees,” or greatest 
distances from the earth. 
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These Inttantia Radii, which point out cases of quantities to be mea- 
sured, arc introduced by Bacon merely as useful in practice: they 
might, at the same time, have been considered as highly important, in 
what he terms the discovery of fomu, or the inquiry into the natures, 
essences, or causes of tlie objects of investigation, so far forth as 
they may be approached. Newton found that gravity not only makes 
bodies fall to the earth, but also retains the moon in her orbit ; now 
this could never have been shown without the prenous determination 
of several quantities, as the law of accelerated velocity in falling bodies j 
the length of the earth’s radius or the distance from its centre to its 
circumference ; the moons distance from the earth, and the velocity 
with which she revolves round it in her orbit. A comparison of these 
elements, viewed in connection with the laws of motion, could alone 
have proved that it is the same kind of force which brings a stone to 
the ground, and keeps the moon in her proper course. In this case, 
therefore, as in many others, the instances in which geometrical mea- 
sures are assigned and compared, the theory of physics has been 
eminently advanced. 

22. The second class of the instances of measure are termed In- 
slantiw Curriculi, instances of the course, in which the qualities and 
actions of bodies are measured by time. Hence Bacon also calls them 
instmilim ad aquam, instances of the water-glass; alluding to the 
hour-glasses of the ancients, in which they employed water instead of 
sand. “ For,” says he, “ every movement or action of nature is per- 
formed in some portion of time ; one indeed more swiftly ; another 
more slowly ; but, all in a certain number of moments, adapted to na- 
ture. Even those actions which seem to take place in the twinkling 
of an eye, as we say, are yet different in time, as to more or less.” 

Familiar examples of this class arc all the more obvious movements 
of nature, as seen in the revolutions of planetary bodies ; the ebb and 
flow of the sea; the fall of bodies to the earth ; and all animal and 
mechanical motions. Also the velocity of sound, as witnessed in the 
firing of guns, and in thunder ; and of light, as exemplified by calcu- 
lation of the limes of the eclipses of satellites, and even more remark- 
ably in the aberration as discovered by Bradley. Tlie expansions and 
compressions of bodies also, and explosions, as in gunpowder, must have^ 
in each case, their own proper times, if we could accurately measure 
them. — In many cases nature is, as it were, prevented from producing 
lier effects, for want of due time for her operations ; the hand may be 
rapidly passed through flame without being burned; small vessels of 
water may be .swung round in such a manner, vertically, as not to be 
spilled ; and a ball fired across the axis of vision is not seen, because 
the motion is too rapid for the eye to be impressed by it. 

One passage, which occurs under this head, is too remarkable to 
be omitted, as presenting an anticipation of the very cxamides we have 
just adduced, though commented on afferwards by the author in a doubt- 
ful manner. “ Some cases have produced in me a suspicion altogether 
surprising; namely, whether the face of the serene and starry heavens 
be seen at the \gry time it exists, or not till some time later; and 
whether there be not, with regard to the light of the heavenly bodies, 
a true time and an apparent time, as well as a true place and an appa- 
rent place, according to the a.stronomer, on account of parallax ; so 
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incredible docs it seem that the rays of the celestial bodies can in 
stantancously pass to us, through such an immense space of miles, 
and not require even some considerable portion of time.” 

23. Thirdly, of the same class are the Instantice Qiianli, instances 
of quantity, (literally, of how much.) These are cases in which the 
virtuct or properties and etfects of things are measured by the quan- 
tity of matter they contain. Examples adduced are that large col- 
lections of water do not easily become stagnant, like small ones; 
nines are matured and improved by being Ixittlcd olf in small quan- 
tities ; a magnet attracts more iron than any part of it when separated, 
though masses of all sizes us well as densities are equally attracted to 
the earth ; sharp and angidar points penetrate and divide bortiea 
the most easily. The efi'ects of quantity, therefore. Bacon observes, 
are to be carefully estimated, llie importance of this to practice is 
obvious, if we name only chemistry and medicine. 

28. The last of the four instances of measure are ihe-In»tanti<e Lucta ; 
instances of rautance; “which,” says the author, “ we also call pre- 
vailing instances ; that is, such as show the subjection of virtual to one 
another ; or which of them is the stronger and prevails, and which 
the weaker and submits ; for the motions and struggles of bodies are 
no Ibss compounded, recompounded, and complicate than bodies 
themselves." 

In order to illustrate these instantia lucta". Bacon introduces no 
less than nineteen kinds of motion (motus) or resistances, all dilfering, 
as he considers, from each other, and in their etfects. He here, how- 
ever, employs the word motus in a more general and less proper 
sense, than merely as signifying actual change of place ; for in some 
of the cases uolhing more is meant by it than certain tendencies in matter 
to resist certain external forces; thus his Motus antitypim he defines to 
be the resistance or repugnance which alt bodies discover to the anni- 
hilation of tlieir minute parts — it is, in short, the indestructibility of 
matter; a property which, so far as we are acquainted with nature, 
seems to be universal. Science may resolve matter into its com- 
ponent parts, or go far at least towards doing .so ; its form may be 
from the solid to the fluid, or the aeriform .state ; and it may combine into 
various ways with other matter ; as may be seen in almost every che- 
mical process, and in the dissolution of animal bodies after death : 
but only the Power that created matter can reduce it to nothing. To 
a careless observer, the fallen leaves of vegetables, which rot upon the 
ground, would appear to be lost for ever ; but lierthottet has shown, by 
experiment, that whenever the soil becomes charged with such matter, 
the oxygen of the atmosphere combines with it, and converts it into 
carbonic acid gas. The consequence is, that this same carbon is absorbed 
by other vegetables, which it clothes with new foliage ; these, in their 
turn, decay, and thus resolution and renovation go on to the eiiii of 
time. In short, in the whole circle of the material world, we never 
witness a single in.stanee of destruction or annihilation. 

Bacon even enumerates, among these kinds of motion (motus), what 
is now called the inertia or inactivity of matter; a property by which 
it resists any change endeavoured to be made in its state, either of rest 
or motion; and which property is the foundation of the three laws oj 
motion, as delivered by Newton in his Prindpia, ^ Bacon singularly 
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calls it Motiu decubilCf, aut tnotut erhorrentirB mol lit, the motion ( 
denc5') of rrpote, or of avoiding motion. Ainon^ the kinds of mol 
or tendency, mentioned as belonging to the Imtanliee Luctir, are 
the following : — 

Molut liberlatu, the motion of liberty ; or, as our author me; 
efatlicily ; that property of bodies by which they restore themselve 
their original h^re, after compression ; as is seen in the spring 
watches ; air in air-guns ; Indian-rubber, etc. 

Moltu hylai, from a Greek word signifying matter, is the capa 
of eipamion ; or the tendency of matter, under certain circumstan 
to enlarge its bulk : the effect of heal, in expanding bodies; and g 
powder in explosions, are named as familiar examples. 

Molut contimralionit, or the attraction of cohesion, by which 
particles of the same mass are kept together, as forming its compon 
parts. The modem experiments on the strength of dificrent s 
stances, by finding what weights are necessary in order to tear tl 
asunder, are founded on this property. Tlicse experiments have b 
made with bars of wood, metals, glass, etc., of given dimensions, i 
it has been found that the cohesive strength of a body is in the j< 
proportion of its elasticity, and toughness, and the area of its seed 
Newton conjectured cohaion in bodies to be that which constiti 
them of different forms and properties. 

Molut indigenlitr, the motion of preference ; or the tendency wli 
bodies have to unite with some bodies rather than with others. T 


tile surface of mercury in a glass bottle appears convex, but in a i 
tallic vessel, it appears concave, in consequence of its tendency 
adhere to the sides of the vessel, as it has a greater attraction 
metal than for glass. Chemical attraction, or affinity, also furnis 
innumerable examples. Bacon seems to confound this elective attr 
tion witli capillary attraction ; from which it differs as much a 
does from the attraction of cohesion, or aggregate affinity. 

. Molut congregaliunit majorit, the motion of greater aggregation, 
■f we may distinguish it from cohesion, in modern language, the 
traction of aggregation, “ is that,” says Bacon, “ by which bodies 
^rned to the masses of their own natures." This may be illustral 
It we carefully observe two small globules of mercury moved towa 
each other along a smooth surface : their mutual attraction will be i 
mit immediately before they unite into one globule ; or, if tw o pit 
° flohted in a basin of water, not nearer to its edge thai 

they will visibly approach, and at last come into contac 
lotus fugee, or the motion of avoidance, though very' crudely 
^udicrou.sly illustrated by Bacon, has its foundation in fact, an 
P*'operty of matter which is now called repulsion. Newton foi 
when put upon aflat glass, remained at the distanc 
part of an inch; and that a very considerable force 
heavier*^ diminish this distance. Again, though steel is .so m 
upon th water, yet if a dry needle be placed caref 

Water u ®***^«cc of a basin of water, it will float ; the repulsion of 
each oth '•* Also the particles of all gujcs seem to ri 

“ppears from their elasticity. According to Boscov 
otlier witK °^"'Wch bodies are composed are capable of acting on e 
^ force, which diSbrs in intensity, and in kind, accordiiq 
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the distance. At sensible distances the force is aUracHve, and dimi- 
nishes inversely as the squares of the distance. At the smallest dis- 
tances the force is repulsive ; it increases as the distance diminishes ; 
and at lust becomes iiiSuite or insuperable. Hence if Boscovich’s 
theory be correct, absolute contact, however paradoxical this may 
appear, is impossible. Facts, at all events, prove, in many cases, a 
repulsive power, whatever be its precise laws ; and to these facts may 
be added, though somewhat differing from the former examples, the 
repulsion of electrified pith balls ; also of the similar poles of two 
magnets. In the latter case, all the force of a strong man has proved 
insufficient to make the two north poles touch each other , 

Moius eusimilationis is the tendency of certain bodies “ to convert 
other bodies related to them,” says Bacon, “ into their own substance 
and nature.” He instances Jiamt, which multiplies itself by decompos- 
iug certain substances ; also animals, which seem to have a power of 
assimilating their food into the nature of their own bodies. However 
vague the notion of assimilation may be, Bacon’s distinction here is 
sufficiently obvious. 

To the above is subjoined Moius excUalionis, or a tendency to excite 
and diffuse a quality. Thus heal diffuses itself when otlier bodies arc 
heated ; and the magnet gives to iron a new property without 
losing its own power. The distinction of this from the former motion, 
or property, lies in the circumstance of there being here no transfor- 
mation of •ubstances, but only a diflusion or multiplication of some 
virtue, or quality 

Motus impressionis, or the motion of impression, occurs where there 
seems to be a continual communication of impulses from the body 
which is the original source of it: the rays of light are an example, 
because darkness is the effect of the removal of a body from which 
they flow ; also sounds, which cease if the vibrations of the sonorous 
body are suddenly stopped. 

Motus perlrantilionis, or motion of passage, has respect to the efiect 
which the medium through which agencies are carried on, may have- 
on promoting or hindering their power: thus heat is differently co/t- 
ducltd by different bodies, or passes through them with various 
degrees of velocity ; metals conduct it rapidly ; earthy substances less 
so; and wood still more slowly. A ray of light, in passing from u 
rarer into .a denser medium, as from air into water, becomes refracted, 
.or is turned out of its course, and is bent towards the perpendicular 
In an exhausted receiver, a bell can scarcely be heard to sound through 
the allenuation. of the medium: and the experiments of Hauksbee 
niid of Dr. Priestley show that, when the air is condensed, the sound is 
louder in proportion to the condensation; that is, in proportion to the 
ipuiiuily of air crowded in, and which operates as the medium of the 
sound, or the substance on which the vibration is first made, to be 
cummimicntdl through the atmosphere to our ear. 

Motus rolntionis spontaneus, the motion of spontaneous rotation, as 
seen in nature, is also mentioned ; to which, says Bacon, belong the 
following considerations : the centre ; the poles, or axis ; the circum- 
ference ; the velocity ; the order, as from east to west, or west to 
east ; the excentricity, if any, or deviation from circular motion ; 
the declination, or the approach to, or recession from the poles ; and 
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the variation of the poles themselves, if moveable, or, in modern Ian - 

libration. 

The other species of motiu introduced by Bacon, under the Inatantia 
JLitclte, are somewhat more obscure and ill-defined. Molu* nexus, or 
the motion of connection, seems to apply to those cases in which a 
vacuum is produced, and a fluid rises in consequence of tlie outward 
pressure being taken olf, as in tlie common pumps and the barometer. 
Molus minoris congregalionis, or the motion of lesser aggregation, is 
illustrated by the crenm of milk floating on the surface, which Bacon 
attributes more to the attraction which homogeneous particles have 
for each other, than to the specific gravity of the cream being less than 
that of the milk. — Motus magneticus, or magnetical motion, is applied 
to the attraction of the heavenly bodies, from an idea, probably, that it 
might be a species of magnetism. — Motus conjigurationis, &\\i situs, 
motion of configuration, or situation, may apply to the shooting of 
crystals into their own peculiar forms ; or to the fixed tendencies of 
bodies to preserve the disposition of their internal parts, as their 
threads and fibres, and their cellular or solid structures. Bacon 
singularly refers hither the inquiry into the direction of the celestial 
motions ; also the polarity of the magnetic needle. — Motus politiais, 
or the motion of gorcnintcnf, is excessively fanciful and obscure: it 
is said to be the ruling power, or property in any body, controlling 
all the rest, and it “ principally reigns in the spirits o f animals." 
We should scarcely suspect Bacon of materialism, yet he seAns to have 
been extremely disposed to introduce mechanical causes in order to 
account for elfcets which they are entirely insufficient to explain. 
Motus trepidationis, or the motion of trepidation, he illustrates by the 
hearts and pulses of animated beings. — This long dissertation on mo- 
tions, whatever crudities and fancies it may contain, is very curious and 
interesting, and we have thought it worth while to analyse it briefly, 
as showing on what properties in nature our discriminating author 
founded his distinction of Instanlia huctee. — This class of facts might 
be further illustrated, were it necessary, by the instruments used in 
England, by Cavendish, and in France by Coulomb, for experiments 
on torsion ; a term employtd by the latter philosopher to denote the 
effort made by a thread which has been twisted to untwist itself. 
These instruments, by means of the force of torsion, measure very 
small, and almost insensible actions. 

The three remaining practical instances are termed Instantiee Pro- 
pitia, or instances propitious to practice, in the way of immediately 
directing, simplifying, and facilitating it. 

(2.) Instantiee Propitiee, Instances facilitating Practice. 

25. Of these, the first are the Instantiee imiuentes, intimating or 
directing instances ; that is, those which tend to free practice from 
useless pursuits, atid direct it chiefly to such' as are beneficial and 
advantageous to mankind ; such facts in nature and in experimental 
science ns are worthy of being attended to and pursued, because they 
open direct prospects of usefulness and improvement, as it respects 
the arts and conveniences of life. 

26. The second of this order. Bacon terms Instantiee Polychrcstee ; 
or things that are generally useful, as applicable to a great variety of 
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investigations, by sliortening and facilitating (he process. To this head 
belong the method of conducting experiments, and the instruments 
and apparatus to be employed in them, wliich he proposed to treat 
particularly in a subsequent part of his work. He here notices a 
few general considerations which are essential to practice in a great 
variety of cases. 

In experiments, such things are carefully to be excluded as 
might ditturb, or modify the given process ; as the common air, 
where this can be supposed to have that eflect ; for the same end, 
the matter, strength and thickness of the vemlt in which certain pro- 
cesses are carried on is to be attended to ; also the manner of closing 
them where they are to be closed, as by luting, or hermetically sealing, 
for instance ; the rays of the sun too must often be excluded. The effects 
of compression, condensation, agitation, extension, rarefaction, etc., are 
to be observed in many chemical and other processes. And here 
Bacon’s conjecture must not be omitted, that it was possible “ air 
might be converted into water by condensation.” M. Biot, if we mis- 
take not, first proved this conception of our great philosopher to lie 
true, and succeeded in forming water from Hydrogen and oxygen, by 
compression only, independently of the electric spark. To these con- 
aidcrations are to be added that of the agency of heal and cold ; and 
the modification these may introduce into certain experiments ; also 
the effect produced by the medium through which the heat may be 
communicated to any substances, by the structure of furnaces, and by 
the manner in which the fire may be applied. Again, regard is to be 
had to the effect which may be produced by a process being left to go 
on undisturbed, and by itself, for a longer or shorter time. The figure, 
position, and situation of the vessels that are employed, are to be con- 
sidered. Tlie sympathies and antipathies of bodies, as Bacon terms 
them, are to be noticed where these may have an influence; of these, 
chemical affinitia and elective attractions are obvious instances. 
Lastly, advantage is to be taken of what is known with respect to all 
the above particulars, in order, by their means, to modify, combine, 
and vary experiments. 

27. The third of the instances "’propitious" to practice, and the last 
of the prerogalivd' instances, are named Instantiee Magicee, magical 
instances ; and Bacon understands by this term thoae facts in wliich 
great and wonderful effects are produced by apparently trifling causes. 
Nature, he observes, “ is herself sparing in these instances;” but in 
harmony with the very sanguine, and we fear illusory expectations 
which we have seen he entertained, he adds, “ what she may do, 
when further searched and entered into, and after the discovery of 
forms, latent processes, and concealed structures, will appear to poste- 
rity.” He notices as magical or marvellous instances, the power of 
fre to mnltiply itself ; the effect of poisons on the human frame ; the 
communication and apparent multiplication of motion in a set of wheels, 
each impelling the other ; the loadstone animating a number of needles 
without loss of its own magnetic power; the origination of motion in 
explosions of gunpowder, and also of gas in mines. 

Tinctured somewhat, perhaps, with the wild notions of alchemy 
then prevailing. Bacon seems to augur from such facts as the above, 
that wonderful things may be accomplished by human power, in 


Digitized by Google 



32 


ACCOUNT OF LORD BACON’S 


•* chan<rincf bodies in their smallest parts, and in all kinds of trans- 
formations.” He adds, however, “ of these we have hitherto no certain 
indications. And as in thin^ solid, true, and useful, we aspire to the 
highest perfection ; so we perpetually despise, and to the utmost of 
our power discard and reject such as are vain and empty." — Here 
ends the doctrine of “ Itulance^’ and all that was finished of the 
Notntm Organon by its illustrious author. 


It was Lord Bacon’s design, after treating of the intlancet, of which 
we have now given the analysis, to proceed to the kelps of induction ; 
the rectification of induction; the method of varying inquiries; the 
prerogative natures for inquiry; the limits of inquiry, in a list of all 
the natures in the universe ; the reduction of inquiries to practice, or 
to the use of mankind ; the preliminaries to inquiry ; and the scale 
of axioms, or principles. 

These eight last topics were deferred, probably, till the author had 
found time to accumulate more materials, and they were never dis- 
cussed ; so that his work was left in an unfinished state. Several of 
the particulars, however, here enumerated are not very distinct from 
some of the heads already treated of, and seem to lead us baek over 
the same ground; whence we may conclude that Bacon was fully aware 
that, in the existing state of the knowledge of nature and fact, in his 
time, his system of philosophizing could only be regarded as a sort of 
outline, or sketch of scientific inquiry, and needed to be worked over 
tind over again, by way of continual approximation to truth. 

What more he had to deliver on these particulars we shall not now 
•conjecture ; but it may be remarked, that by prerogative natures for 
inquiry, he seems to have intended those causes in nature, or those 
agencies, which present themselves as of ihe most obvious and prime 
importance, in consequence of their involving, Irequently, other in- 
quiries: thus temperature is .so important a consideration in various 
experiments, especially in chemistry, that heal may be considered 
as an example belonging to the class of what are here technically 
termed prerogative natures. The project of making an inventory 
{synopsis) of all the natures in the universe, appears to have arisen out 
of our author’s very sanguine ideas, as before noticed, relative to the 
discovery of forms. If by natures he here means simple substances, or 
those which are incapable of being decomposed by art, it is obvious 
that such substances may decrease in number with the ]>rogress of 
science. Previously to Sir Humphry Davy’s distinguished researches in 
chemistry, the simple bodies were supposed to be about fifty in num- 
ber ; the facts he has brought to light, however, make it difficult to 
say what .substances, regarded as simple, may not be capable of 
analysis : witness this philosopher's discovery of the metallic bases 
of the fixed alkalis ; his decomposition of mo.st of the earths; and his 
experiments on sulphur and phosphorus : all these substances were 
previously thought to be strictly simple. 

'Though no direct attempt, so far as we are aware, has been made 
to supply the parts of the Novum Organon that are wanting ; nor any 
complete logical system founded on the same basis of induction has 
^en published, w hich might serve as a perfect directory in philoso- 
Pbical investigations ; yet there have not been wanting some efforts of 
^ similar kind, towards promoting the advancement of the sciences. 
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In the schools and universities of Europe, scarcely any room was ^ven 
for improvement, which was branded with the invidious name of inno- 
vation, an alarm that could not hut prove fatal to the interests of pure 
truth. If any one dared to exercise the right of judging for himself, he 
could hope lor no encouragement from others ; and if he possessed 
sufficient independence of mind to stand alone, he must pay tor his 
temerity with the loss of his fortune and his good name. All was 
rigidly confined within certain rules, and a given track was marked 
out as that in which every one must go without deviating either to the 
right or left. Little scope was aflbrdeil to the power of genius, which 
could hardly expand u]>wards beneath the overwhelming load of scho- 
lastic prejudice that weighcil it down. Perhaps even in our own en- 
lightened age, few of the universities of Europe are entirely emanci- 
pated from these shackles, as may be seen from the tendency there has 
always been to adhere to an Arislote! ian division of the sciences, in- 
stead of following nature. “ Unwilling as I am," says Mr. Stewart, 
at the close of his second volume on The Philosophy of the Human 
Mind, “ to touch on a topic so hopeless ns that of academical re- 
form, I cannot dismiss this subject without remarking as a fact, 
which at some future period will figure in literary history, that two 
hundred years afier the date of Ducoiis philosophical works, the an- 
tiejuated volume of study, originally prescribed in times of scholastic 
barbarism, should in so many universities be still suffered to stand in 
the way of improvements, recommended at once by the present state of 
the sciences, and by the order which nature follows in developing the 
intellectual faculties.” 

Lord Bacon also complains that in his time arduous endeavours 
at improvement were not rewarded. The power of advancing know- 
ledge must proceed from the energies and exertions of superior 
minds, but the rewards which sweeten labour were in the hands 
of the vulgar and untutored. Even the boon of praise was, he 
observes, withheld, since the flights of elevated minds are above the 
reach of the crowd, and are disregarded through the force of prevailing 
prejudices. 

Finally, science was kept in bondage by a kind of sullen despaii 
of succes.% and the supposition of impossibility attaching to any new 
endeavours. — Such arc the causes assigned in the Hovum Organum 
as the princi])al sources of continued error and uncertainty in the 
pursuits of knowledge and science. 

VI. Grounds of hope regarding the Advancement of Science. 

In that division of the work which we may call the sixth section, our 
author proceeds to treat of the grounds of hope for the further advance- 
ment of the sciences, and the general improvement of knowledge. 
Thus the improvement in navigation was to be regarded as the 
harbinger of good to the sciences, as enlarging the field of observation, 
and tending to increase our know ledge of nature. 

The very errors of past times likew ise, properly viewed, furnished a 
hope of amendment. Demosthenes endeavoured to rouse the Athenians 
from despondency to arm themselves manfully against Philip, their grext 
enemy, by telling them that even their past misfortunes should b*re- 
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garded as an omen of their future success, since they arose from their 
own necfligcnce ; whereas, if they had strenuously exerted tliemselves, 
and had still been unsuccessful, they might justly have despaired of the 
future : so, in the sciences, it would have been presumptuous to expect 
any great improvement, if we could have supgxised mankind to have 
travelled so long in the proper road to trutli without reaching it ; but as 
they bad evidently mist^en the way, hope of future success must be 
sought in first returning to the right path. The true method of science 
is ingeniously compared to the economy of the bee, which first gathers 
matter from the fields and gardens, and then digests and prepares it 
for use by her own native powers : “ so," Lord Bacon observes, “ the 
matter of philosophy must be carefully collected from nature, and then, 
after being digested and elaborated in the understanding, must be trea- 
sured up in the memory,” in other words, additional hope of advance- 
ment in the sciences is to be found in the union of things that had been 
disjoined ; that is, a strict combinalion of experience with calculation and 
reatoning. In all the schools of Greece, natural philosophy was blended 
with some foreign admixture, and was never studied purely and by itself, 
llie Aristotelians corrupted it with a perversion of logic ; the school of 
Plato mixed it up with an imaginative theology ; the second school of 
Plato, Proclus, and others, made it to arise out of mathematics ; whereas 
it is justly remarked that mathematics ought “not to generate or create 
natural philosophy, but only to terminate and perfect it that is, the 
facts and laws of nature must be sought independently, or in Nature 
herself — then mathematical reasoning may be applied to estimate and 
measure them, as has been exemplified in several of the tracts already 
before our readers. A return to the study of natural philosophy in a 
pure and teparaie form, was another source, therefore, of hope. 

So also it might be expected that in future some philotopher might arise 
of sufficient indiependence of mind and lofty genius to free himself and 
the world from all the old and hackneyed theories : such a person, it is 
lamented, had not then appeared. How prophetic tliis was of the 
immortal Newton, who burst upon the world almost immediately after 
the death of Bacon, his forerunner — and how completely he emerged 
from the rude and undigested chaos of ancient fables into the light of 
truth, as those very comets whose laws he laid down issue from the 
dark abysses of space to tiieir perihelion, the reader is sufficiently 
aware. 

Much, very much, is also augured, as likely to arise from a better his 
tory of nature than had as yet been collected. The accounts which had 
been extant of the appearances and facts in nature had been chiefly 
founded on popular reports, indolent observations, and often on mere 
idle tales ; and the whole had been so framed and turned as to strengthen 
the existing opinions in philosophy. Almost every thing in the history 
of nature was undefined and vague ; much good must, tlierefore, needs 
have been expected to accrue from a more accurate register of facts and 
experiments. Bacon exhibits a rough sketch of such a history of 
nature in his Sylca Sylcarum, in his Tables, and in other parts of 
his works ; the merits and defects of which we shall have occasion to 
•otice hereafter. 

Similar udvaidage was to be anticipated from a more enlarged stock 


Digitized by Google 



NOVUM ORGANON SCIENTIARUM. 


39 


of mechanical experience, and a more enlightened attention to the most 
instructive facts of this kind. Tlie workman is apt to think only of 
what is useful to his immediate work, and is nut concerned about the 
discovery of truth : but, in order to improvement, recourse must be had 
to experiments, whicii, tliougli useless, perhaps, as to direct and imme- 
diate profit, may be of great importance as to general information. 

To tliis larger and more accurate stock of experience. Lord Bacon again 
insists, must be added the method of induction ; or, as before explained, 
the pursuit of knowledge by reasoning from particulars to generals, 
from which every thing is to be hoped. In order to render this method 
as efficient as )Kjssible, it is strongly recommended accurately to commit 
to writing all the materials of philosophy, that is, the facts and obser- 
vations on which general principles arc to be founded ; by no means 
trusting them, as had too often been done, to the memory, whose de- 
fects w ere usually supplied by a fanciful invention. To give this method 
still greater perfection, it is remarked that tables should be used for the 
clear arrangement of the facta, according to the nature of the subject ; 
and from these tables axiomu. or general principles, should be carefully 
formed, gradually rising from the less to the more general. It must 
be acknowledged, iixleed, that many discoveries had been made acci- 
dentally by the alchemists, while seeking to make silver and gold ; yet 
it is evident that more is to be expected in inventions from industry 
and method, whether we consider the number of such discoveries, the 
saving of time, or the adaptation of the things discovered to the 
supply of our wants. Men are more likely to find what they are care- 
fully and intelligently in Search of, than what is left merely to the 
operation of blind chance. 

It was to be regarded as an additional gp'ound of hope that tome 
things already discovered were such as had previously never entered 
the mind of man ; or which would, in all probability, have been despised 
as impossibilities, if any one had declared them likely to be found out. 
Gunpowder, though a destructive invention truly, may be taken as 
an instance. If, before this discovery had been made public, it had been 
declared that there was a method of battering down walls, and making 
an impression on tlie strongest fortifications at great distances, those 
who heard of it would instantly have supposed that this was effected 
by increasing the power of the common engines of war that were pre- 
viously in use, as battering rams, and other machines of the same 
kind ; which, of course, must be done by means of additional weights, 
wheels, and levers, and the various combinations of the mechanical 
powers ; “ but no one,’’ says Bacon, “ would have thought of a fiery 
wind which should blow with such a prodigious expansive violence, 
no obvious examples of such effects having been previously seen, ex- 
cept in the sublimer operations of nature, storms, thunder, and earth- 
()uakcs, which it would not be supposed were imitabie by art.” Perhaps, 
to the ancients the expansive force of steam, now so extensively em- 
ployed, would scarcely have appeared less wonderful, which, while it 
possesses such amazing power as to produce the most terrible effects 
when allowed to explcale by being confined, is yet capable of being 
regulated at pleasure, and directed to an immense number of useful 
works with the greatest advantage. The invention of silk is mentioned as 
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another example. So, likewise, if, previously to the invention of the eom- 
pass, it had been said that a certain instrument should be made known 
which in the open sea, and in the dead of night, when neither stars nor 
moon appeared, would exactly point out the quarters of the heavens, and 
that this instrument was nothing more than a metallic substance, which 
might easily be overlooked among the similar productions of the earth, 
this would have seemed almost incredible. Whence it is argued that 
many other things may yet remain in nature that might be of great 
service to mankind, which have little relation or analogy to the things 
already discovered. 

Again, on the other hand, there are inventions of such a kind as 
easily to be overlooked for want of method, though they may almost, so 
to speak, stare men in the face. While some things, as gunpowder, 
silk, the compass, sugar, paper, may seem to depend on certain pro- 
perties to be developed by Nature herself, yet other things, the art of 
printing, for instance, contains nothing that is not obvious and com- 
pletely within human power ; nevertheless, the world was for many 
ages destitute of this admirable invention, which is so intimately con- 
nected with the propagation of knowledge. Hence a ground of hope 
that science might be improved was to be drawn, not merely from 
the consideration of the unknown operations of nature hereafter 
to be discovered, but from the probable result of transferring, com- 
pounding, and variously applying those laws and operations which were 
already known. 

Lord Bacon also derived encouragement from reflecting on the 
immense expenditure of time, genius, and property that had been 
bestowed on purmiU of little or no we, alluding, probably, to al- 
chemy, the professed magic arts, astrology, etc. ; since, if but a 
small portion of this labour should come to be bestowed in a jiroper 
manner, and on proper objects, great things might be expected to 
result ; especially would such extensive and laborious hutories of the 
fade and operatiom of nature as he recommenderl be the sovirce of 
ex|>ectation. “ A great and royal work truly this," he says, “ and of 
much labour and expense." 

As a further ground to suppose that human knowledge might be 
improved and increased to an extent of which some were inclined to 
despair. Lord Bacon introduces kit own example, “ not," he modestly 
says, “by way of ostentation, but because it may be useftil.” He 
argues, that if he himself — a man as much employed in civil affairs as 
any other of the age in which he lived, for he was Lord Chancellor of 
England at the time his Novum Or^anum was published ; — if he, a 
mail of but infirm health, has had the honour to lead the way unassisted 
by any coadjutor, in the new and untrodden path which he here attempts 
to point out to posterity ; what may not be expected from men of leisure ; 
from a union of labours ; from a proper division of them, and from 
opportunities afforded by the succession of ages? He concludes his 
remarks on the grounds on which is founded the hope of advancing the 
sciences, by intimating that even were this expectation much less than 
he rightly deemed it to be, or, to use his own language, “ although a 
much weaker and fainter breeze of hope should breathe from thu new 
continent,’' or world of science, which he is endeavouring to point out } 
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yet it woulil be wortli men’s wliile, at ail events, to make efforts to ex- 
plore nature by the light of this new method: there was, at least, 
a chance of success resulting from their labour; whereas, to sit down 
in despondency, and to decline all enlightened exertions, could lead to 
nothing but ignorance and ciTor, and was unworthy of the dignity of 
the humau mind. 

VII. Further Remarks preparatory to the Inductive Method. 

The last or seventh section into which this former part of the 
Novum Organnm may be diviiled, is designed to give some further 
idea of the new method here proposed of inierpreline nature. This, 
however, is done rather by way of guarding the reader against erro- 
neous expectations than by developing the method itself which he 
reserves for the second part. “ Having now levclletl anil polished 
the mirror,” says our author in his figurative and expressive diction, “it 
remains that we .set it in a right position, or, as it were, with a bene- 
volent aspect towards the tilings we shall further propose. For to a 
new undertaking, not only a prepossession in favour of a rooted 
opinion is prejudicial, but a false notion and imagination of what is 
pro]K>sed to be done is equally so. We must, therefore, endeavour to 
convey a just and true idea of what wo intend.” 

In order to prevent misapprehension, he again cautions his readers, 
as he had done at the outset of his work, against supposing that he 
aspired to be the founder of a new sect in philosophy, alter the manner 
of the ancient Greeks. It was his aim, and it was an aim worthy of 
such a master-spirit, not to reign over men’s opinions, but to conduct 
I them into the temple of truth, from whose inmost sanctuaries they 
might obtain such a panoply as would enable them to extend the 
boundaries of man’s power over nature, not in the noisy triumphs of 
a scholastic warfare ; but in glorious victories over ignorance, prejudice, 
and error. Though he thus disclaims the idea of attempting to found 
a new sect, it must be allowed that he pos.sesscs that honour in the 
highest sense ; for if we were, in the mast general manner, to designate 
the philosophers of modern times, in contradistinction to the Aristo- 
telians and Platonists of an earlier period, we should c-all them Baco- 
nians: Bacon may himself very Justly be accounted the Father of, the 
modern philosophy. He, however, contents himself here with aspiring, 
as he says, “ only to sow the seeds of pure truth for posterity, and not 
to be wanting in his as.sistance to the first beginning of great under- 
takings.” 

Lord Bacon wishes his readers, in perusing his work, not to be 
prejudiced against the metliod he recommends, nor disappointed on 
finding that he has not made any very striking discoveries, which, 
indeed, he docs not jirofess to have dune ; his design, in fact, being 
obviously of a more general nature. For though in the Novum Or- 
ganum, and in his other works, indications and outlines of discovery are 
to be found, yet he considered that, up to his time, there was no suffi- 
cient collection of facts and appearances, to enable any one to enter 
with advantage on the genuine interpretation of nature. Still he did 
not wish to discourage any from employing their sagacity in attempting 
to make discoveries on the foundation of what was already known, ur 
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from makin" use of his own tables and outlines of a history of nature, 
to this end ; but his own p;reat object, he repeats, was to prepare the 
way for future improvements, and not to neglect this his main design, 
fur the sake of hasty and unseasonable diversions, like ‘'Atalanta” 
in the fable, who lost the race by stopping to pick up tlie golden apple. 
“For we do not childishly afl'ect golden fruit, but place everything in 
the victory of art over nature." 

He next cautions the render appiinst the effect which may be pro- 
duced on his mind from meeting with some experiments in the hislory 
of nature, and lahtes of invention, which seem not well verijied, or which 
may even be absolutely fahe. Such errors are to be expected to creep 
in at the dawn of the day of Science, and Lord Bacon was certainly 
by no means free from them. It must not, on account of a few such over- 
sights, be suspected that the inventions he would point out are grounded 
oil doublfiil principles and erroneous foundations; and he argues that if 
any should be disgusted with some particular mistakes in his account 
of facts in nature, what must be thought of the remiss and negligent 
method that had hitherto been employed, and what of the philosophy 
and of the sciences that were built uixm such “ quicksands r 

Nor are. men to turn away from the inductive method, or from the 
experiments it demands, ns if in some cases it dwelt too much oti what 
might seem minute, or trite and vulgar ; since great mischief has arisen 
from many things having been spoken of as known and ascertained, of 
which, ill fact, little was understood. Thus, in the philosophy that was 
prevalent, gravity, the cdeUial motions, heat, cold, hardness, fluidity, 
density, animation, similarity, organisation, were all the subjects of 
dogmatic assertion, while little that was satisfactory was said respecting 
them. Men, however, must condescend to attend to the commonest 
things if they would acquire knowledge, and to things displeasing to 
the senses. The design here is “ not," he says, “ to build a capital or 
erect a pyramid to the glory of man, but to found the temple of the 
universe in the human intellect.” None are to suppose, what the vul- 
gar are too ready to imagine, as well as all who were devoted to the 
existing philosophy, that the minutiie here laid down are tedious and 
subtil ; they ought rather to consider that, for a time, efforts should be 
made to increase the materials of knowledge, to kindle the light by 
which nature may be examined, and that a too great impatience for 
immediate advantage should be checked. If any one should be in- 
clined to disregard the cautions, principles, and axioms laid down in 
the method of induction, as needless subtilties, what would he say to 
the schiKilmen, who are full of subtilties, ‘ withosit end as without fruit ?' 

As an apology for what to many would appear a bold and daring 
attempt — that of rejecting all the sciences, and all the ancient masters 
in philosojiliy as with one stroke, without admitting the authority of 
any one single renowmed name of antiquity, and tnisting only to his own 
unaided strength — the author remarks that, were he disposed to act 
insincerely, it would not be difficult to persuade men that what he here 
attempts is but a revival of the most ancient method of Science, before 
nature was pompously ushered in with the “ flutes and trumpets of 
the Greeks;” and, well acquaintetl as Lord Bacon was wnth the 
mythology of the ancients, it would have been easier perhaps for him 
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to have ^ined over the admirers of anti(|uily by this expedient, than 
lo render palatable a system which presented no gaudy and alluring 
theories, and which came out entirely as a modern innovation. But 
with that astonishing degree of freedom from the shackles of prejudice, 
considering the time in which he lived, and that devotedness to 
natural truth for iLs own sake, which was so characteristic of this 
great philosopher, he disdains all such “ stratagem and imposttire," and 
relies exclusively on the evidence of things themselves. It is his 
object to ])lace before the mind, not the mock motlels of the world 
which others had framed, of which the theories of Aristotle, Plato, 
and Epicurus, are specimens, but to present the world’s true model as it 
exists in nature — to trace before the eyes of men the exact lines of truth. 

,\nother objection, which it is supposed may be alleged, i.s, that, not- 
withstanding all the labour here employed to impress on mankind 
this new method of studying the Sciences, it will probably do no 
more than land us at length in tome one of thote eystenu of philo- 
sophy which prevailed among the ancients — that they, in the begin- 
ning of their investigations, procured a large stock of observations 
and ex|>eriments, and digested them into books and tables, as is here 
recommended, and from these sources extracted the matter of their 
theories ; but thinking it needless to publish their notes and minute 
observations, those materials of their labours are now lost to us, — 
as architects, after a building is frnished, take down the scaffolding 
and framework, and remove them out of sight. To this it is answered, 
that though it is difficult to suppose the ancients completed tlieir 
works without some such collection of materials, yet, nt all events, 
it is certain, from their writings, that their method of philosophizing 
was no other than flpng hastily from some particular examples, 
to general conclusions ; and if any new examples occurred, bearing an 
aspect hostile to their favourite ideas, they cither contrived to make 
them seem to square with these, or else struck them out as exceptions, 
thus sacrificing every thing to their beloved theories. Now the very 
method here insisted on. Bacon argues, of rigidly adhering only to thffie 
principles which are common to all the particulars and examples, pre- 
cludes the possibility of arriving at the same results with the ancients. 

Nor can it be fairly charged upon this method of carefully attending 
to all the facts of the case before drawing the conclusion, that it leads 
to errpticum, since it is not the disposition to doubt, but the art of 
doubtin/f properly, that is alone inculcated ; and it is preferable to 
know something m a certain manner without supposing we know all, 
than to think we know all, and yet remain in actual ignorance of that 
which is most necessary to be known. 

Lest it should be supposed, moreover, tliat the proposed plan only 
extended to the improvement of natural philosophy, more i)roperly 
so called, he distinctly informs his readers that his de.sign is of the 
most general kind possible. The method of induction is equally use- 
ful in all the sciences. It is alike applicable to elhia, polilict, the 
' philosophy of the human mind, chemistry, botany, and every otlier 
branch of knowledge. 

As a further stimulus to a vigorous pursuit of science in this 
enlightened method, this first part of the Novum Organum closes with a 
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few additional reflections. It is urged tliat the discovery of truth, and 
noble inventions, liolds the most excellent place among the actions of 
mankind. Anti<|uity, with all its errors, was perfectly alive to this 
sentiment, as is sufliciently evident by its attributing divine honours to 
the inventors of the arts, as to Prometheus, who is represented as being 
the giver of fire to mortals, and is celebrated in .Rschylus as a deity — 
while it was usual to award heroic honours chiefly, to mere legislators 
and the founders of empires. Tlie inventions of science, it is observed, 
“ benefit mankind to the end of time ; while the advantages conferred 
by warriors and statesmen may last, in many cases, but for a few ages, 
and sometimes have their oitehl jn tumults, and the most terrible 
desolations of war.” Tlie effects oi^the invention of printing and of 
the mariner’s compa.ss, for example, KavS been altogether prodigious : 
by these great instruments, navigation aiid commerce have been extend- 
ed over the whole earth ; “ divine and human learning,” to use the words 
of Milton, “ have been raked out of the embers of forgotten Itjiigues,” 
and tbe face of the world ha.S been changed, in all its features, jihysical 
and moral. 

The design of promoting the advancement of the sciences is further 
pronounced a far nobler object of ambition than either private ag- 
grandizement, or even patriolitm itself. “ The first,” says Lord Bacon, 
“is vulgar and degenerate ; the second, that is, the ambition of those who 
endeavour to raise tlieir own country in the scale of nations, is more 
noble, but has not less of cupidity : but if any one should labour to 
restore and enlarge the power and dominion of the whole race of man 
over the universe of things — this kind of ambition, if so we may call 
it, is without doubt more wise and dignified than the rest. Now this 
power of man over things is entirely founded in arts and sciences.” 

“ Finally,” adds this illustrious author, “ .should any one object that 
the arts ami sciences may be abused to evil purposes, as luxury and 
wickedness, let this sentiment be allowed to have no weight. The 
.■^me objection would equally apply to all the most excellent things in 
tR world — as genius, courage, strength, beauty, riches, and even light 
itself. Let the human race regain their dominion over nature, which 
belongs to them by the bounty of their Maker, and right reason and 
sound religion will direct the use.” 

Thus did this vast genius point out to mankind the causes of those 
errors which so long effectually obstnicted the paths of science ; thus 
did he encourage them to hope for a brighter lera, and give directions 
for the more successful pursuit, in future, of knowledge and truth 
The second part of the Novum Or^anvm contains a further devclope- 
ment of the principles of the Inductive Method, with the author’s own 
examples of its use : and it will form the subject of another Treatise. 


